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ABSTRACT

A performance and passenger ferry evaluation of

a Rodriquez Cantiere Navale surface-piercing hydrofoil

ship, RHS 200, was conducted for the USCG and the

UMTA. Calm and rough water powering characteristics

of the 125 ton, 254 passenger, diesel-powered ship

were determined. The tests included investigation of -

ship takeoff power, time and distance requirements. A

wide scope of hullhorne and foilhorne turning trials

were performed. Bollard pull and underway towing

capabilities were assessed. Emergency stopping dis-

tances were also determined. The bow wake of the ship

was measured, interior and exterior sound le-els were

recorded, and spectral definition of structural vibra-

tions were obtained. The rough water trials primarily - -

considered the effect of the flap-controlled Seakeep-

ing Augmentation System on ship motions and accelera-

tions in State 3 and State 5 seas. The ferry service

evaluation incl'ided ship compliance with USCG appli-

cable requirements and operational and arrangement

information pertinent to ferry utilization. Indepen-

dently developed curves of form are included.

ADMINISTRATIVE INFORMATION

The RHS 200 hydrofoil evaluation was sponsored by the United States Coast

Guard under authotization USCG MIPR Z 70099-1-07080 of 26 Augutst 1981. The work

was conducted for the U.S. Codst Guard and the Urban Mass Transportation Admini-

stration ('IMTA) by the D)avid W. Taylor Naval Ship Research and Development Cen-

ter's Advanced Hydrofoil Office, Coda 115U. (Work Units 1-1155-300, 1-1155-400,
S.-.rd 1-1 155-("00).

The Rodriquez built. RHS 200 surface-piercing hydrofoil, owned hy Societa

Aliscafi - SNAV S.P.A. of Messina, Italy was chartered under Charter Contract No.



N00033-82-C-30D6 neqotiated hy the Military %ealift Comma"-d. Installation of the

test equipment began on 5 April IN)2. Actual amde•wva trials commenced on 13

.':.( p~i~.~8~a4.theqreement expired or) 10 Ma)' 19P2..

Mr. Tom Milton and Lt. Peter Boyd, both representinq the U.,S. Coast Guard

participated in the trials.

2

b, A

n-



- . I- ,- °

.0I

INTRODUCTION

"The David Taylor Naval Ship Research and Development Center (DT"NSRDC) was

requested by the United States Coast Guard (USCG) and the Urban Mass Transporta-

tion Administration (UMTA) to evaluate a RHS 200 Hydrofoil Ship in terms of its

overall calm and rough water performance and in terms of its suitability as a

hiqh speed passenger ferry.

The RHS 200 is a diesel-powered, surface-piercing, hydrofoil ship of 125

tons displacement which is beinq built by the Rodriquez Cantiere Navale S.P.A.,

MNessina, Sicily. Ie ship is of interest because of its relatively large size

and passenger capacity and the refinements which have been made to improve ride

quality in a seaway. The RRS 200 is desiqned to carry up to 254 passengers over

a range of 200 naucical miles at a crnising speed of 36 knots. *Te RHS 200 is

fitted with a S-aakeeping Augmentation System (SAS) which uses analog programmed

control of hydraulic actuated flaps installed on the foil systems to reduce ship
motions in rouqh water.

UMTA is interested in the RHS 200 becanae it is examining the ume of high

speed ferry services for cost-tffective improvement of commuter access to inner

city areas and for special interest routes. The USCG had identified the RHS 200

* hydrofoil as one of several advanced marine vehicles which could be considered as

"potenitidl replacements for the WPB class patrol craft.

The David Taylor N'val Ship Research and Development Center's Hydrofoil

Special Trials Un0_ Detachment (DTNSRDC-HYSTLDET) developed a trials plan which

* responded to the technical trials needs of both the USCG and !JMTA and assembled a

data acquisition system to be used during the trials. UTNSRDC, through the auts-

pices of the Military Sealift Command, arranged the lease of the prototype RHS

200, SUPERJ1JMBO, for the period of the trials. In April 1982, a trials team

"consistinq of DTNSRDC, DTNSRDC-HYSTUDET, USCG and Contractor personnel ware de-

ployed to Messina, Sicily to conduct the trials. 7he trials were completed via

12 separate daily voyaqes undertaken w•.thin the on-site period of 5 April through

12 May 1982.

This report c-,ntains the results of the !UHS 200 performance evaluation and

the related investigations. The content and the format of the report has bee-,

selected and arranqed to satisfy both tISCG and UNTA 2erforaaiice assessment

3t._
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requirements. The overall performance evaluation of the RHS 200 is presented

first in the report. Sections addregsinq specific USCG and U4TA information

requirements follow. 1114TA requested passenqer and trials participant question-

naires are summarized in Appendix A.

'/2i"
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SHIP CONFIGURATION AND TEST BACKGROUND

RHS 200 HYDROFOIL SHIP
0

%be RHS 200 SUPERJUMBO, shown in Figure 1, is designated Rodriquez hull

* number 192 and is the prototype of a new series of surface-piercing hydrofoil

ships being developed by Rodriquez for use as high speed passenger ferries.

Inboard and outboard profiles, deck plans, and other general information descrip-

*tive of the RHS 200 type hydrofoils are given in Figures 2 and 3. These figures

have been developed from similar information presented in Reference (1). The

overall length of the RHS 200 is 117.5 feet, and the beam of the hull is just

under 23 feet. Because the surface-piercing foil systems are non-retractable,

they are the controlling factors on overall beam and ship draft. Maximum width,

or span, across the foils is 47.2 feet. Maximum draft is approximately 15 feet

when the ship is pierside or is operating in the hullborne mode. In the foil-

-a borne mode, the ship operates with a draft of 6.8 feet. The ship was designed to

a displacement of 125 tons. The displacement is 133.8 tons at the overload con-

dition with full passenger, baggage, fuel and liquids, and crew load. A full

load displacement of 123 tons is targeted for follow-on ships. The normal fuel

capacity is 5.9 tons.

The hull of the RRS 200 is constructed of magnesium alloy aluminum. The

framing, longitudinal, and other main hull structural components are weldments.

Hull and deck platings and the interior and exterior cabin bulkheads have been

assembled using aircraft style, riveted, manufacturing procedures. The ship is

arranged to contain two passenger decks, a lower level machinery space, and a
pilothouse. The lower deck is divided into forward and after passenger salons by

the amidships machinery space. The main deck, or belvedere, passenger cabin is

effectively divided in forward and after sections by access arrangements. Each

of the four passenger areas provides seating for approximately 60 individuals.

Two restrooms are included on each deck. The RKS 200 used in the trials included

a bar installed on the aft, starboard side of the forward salon. The after enJ

of the belvedere cabin was extended to include a baggage storage area. All of

the passenger areas are wall appointed, carpeted, air-conditioned, and they

5
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provide good exterior viewing. Aircraft style, non-reclininq, seating is used

throughout. Closed-circuit television and audio entertainment systems are also

installed.

"Weather deck areas are normally not for passenger use and are limited to

fore and quarter decks and narrow weather passages down each side of the belve-

dere cabin. the foredeck is used for anchor equipment and as a ship mooring

station. The quarter deck is also a ship handling station and is used for crew

and passenger boarding when the ship is tied-up, stern-to, in Mediterranean style

moorinq. In the rapid turnaround, ferry service environment, passenger boarding

can be through amidship accesses on either side of the belvedere cabin. In these

instances the ship is brought alongside, pierside ramps are extended, and boar-

ding commences.

During operation, all ship control is exercised from the pilothouse. The
bridge console is arranged for three manned stations.* The Captain occupies the

center position and has direct control of the helm and the SAS Control and Status

Panel. The principal features of the SAS control panel are listed in Table 1.

This information effectively highlights the extent to which the operator can

exercise control of the SAS. The navigational radar is installed on the left-

hand side of the bridge console. This station is manned by a crew member who

operates the radar when required. The RHS 200 is equipped for open ocean naviga-

tion and communication. Loran C equipment is also installed.

The engineers station, situated on the right side of the bridge console,

is the third manned station included within the pilothouse. The engine room is

designed as an unmanned space. Therefore, all propulsion and auxiliary system

control, indication and alarm functions are incorporated into the engineering

section of the bridge console. The principal features of this installation are

summarized in Table 2. The station includes panel assemblies which were made by

"•h manufacturers of different systems used on the ship and by Rodriquez,* there-

fore, there is some duplication of installed indicator and alarm functions. The

duplications have been omitted from Table 2.

*Refer to photographs at the end of the Ferry Evaluation Section at pages

201-205
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MYAW I - S (OYAOL PFAW CONTROL AND DISPIAY CAPABILITY

. BPS Mode Selection: Self Test, Manual, Takeoff, automatic-

* Analog Display of Ship Pitch and Roll Angles - 2 i.ages

,a AAnaloq Display of Flap Positions - 4 Gaqes

* Potentiometer Control of Pitch, Roll and Heave Prim

* Potentiometer Control of Pitch, Roll and Heave Channel Gains

* Selective Self Test of Pitch, Roll and Heave Channels

* Engage, Disengage, Forward Rudder Control

G Gyroscope Power and Status Indication

* Self-Test Voltage Readout

* System Power and Status Indication

The main equipment installed in the machinery space include the propulsion

diesels, reduction qearboxes, diesel generator units, and a power distribution

switchboard. The load oapability of the generators is reviewed under the hotel

loads discussion of the General Evaluation Section. A single generator is used

for normal operating loads. The second unit is brought on-line when the air-

conditioning load is applied. The power distribution panel is located in the

pilothouse for navigation light circuits. Fire-fighting equipment consists of

* fixed CO 2 self-contained automatic systems for power plant and fuel tank spaces,

and portable extinguishers for cabins and holds.

RHS 200 propulsion is supplied by two MTV 16V652-Th8I diesel engines which

are rated at 2600 horsepower each. The engines drive forward through reversing

reduction gearboxes which provide 101.718 reduction between the engine and the

propeller shafts. Maximum engine output speed is 1460 RPM which results in a

maximum propeller shaft speed of OS0 RPH. Agled shafts are x0ed to tonnect the

gearboxes with the propellers wbich are close-mounted immediately aft of the rear

foil. Special hardware kmo-n as distance pieces, instrumented to meaiure pro-

peller shaft torqcu, thrust and RPM, were installed in both propeller shafts ot

the outpost sido of the reduction gearboxes.

10



TAML 2 - UOQZMh1R'5 COH'LL STATIO~S

PMiOCIPAL OMUT0L, ALAM
I ~AND) IDID][OR2 F1LT0•.

[ *e Combined Ahead, Astern Propeller Pitch and Engine Throttle Control

NTU Engine Cylinder Temperature Alarm and Selectable Digital
rndication

S MNTU Engine Status Alarm and Selectable Digital Indication fort

Charging Air Pressure Sea Water Pressure

Starting Air Pressure Cooling Water Temperature

Cooling Water Pressure Piston Cooling Oil Pressure

Engine Oil Pressure Engine Oil Pressure

Gear Oil Temperature Gear Oil Prew.,re At Filter

Gear Control Oil Pressure

�WTU Analog Indicators for:

Fuel Rack Position Engine Percent toad

Engine Speed Propeller Shaft Speed

* Engine Start, Stop and Emergency Stop Control

S Propulsion System Alarm and Indication for:

Clutch Position Ahead Engine Speed Sensor Failure

Clutch Position Astern Shaft Speed Sensor Failure

Disengaged Clutch Fuel Oil Pressure Low

Overspeed Starting Repetition

* Analog Display of Reduction Gear Temperatures

* Propeller Pitch Control and Status Including:

knilog Pitch Display Fine Pitch Adjustment

Lo.d Control On/Off Constant RPM On/off

Rack Up Control On/Off Normal/Takeoff Selection

Ahead Control Astern Control

S •tire Alarm System Status a.%d Control Panel

* Electrical Distributior System Control and Status Panel

* Cabin Envionmental 3ystem Control Panel

III
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At the time of the trials, three bladed, Rupercavitatinq, controllable-

pitch (CP), propellers were installed on the ship. They were manufactured hy

- Karletad Mechanical Werkstadt (KaMewa) of Karlntad, qweden. 1he CP installation

also included load control urnits Oich provided proirammed interfacing of propel-

ler pitch control to the load characteristics of the engines.

Mxcept for the selection of the MTU 16V652-TB81 engines and the use of CP

* propellers, this propulsion arrangement is typical of that used on all Rodriquez

hydrofoil ships. At the time of the trials, Rodrique2 representatives expressed

concern with the power availahle from the MW engines and the relatively high,

6700C, exhaust stack temperatures at which they operated. Alternative engine

selections were under consideration. %wever, these problems have been cor-

rected. The engines for the next RMS 200, the YBO 209, have undergone successful

acceptance tests. The exhaust qas temperature was decreased from 6700C to an

average of 5500C. Rodriguez also believed that the CP propellers were operating

at efficiencies which were much lower than that available from the fixed-pitch,

s%:btiav'tatinq propellers which they normally use. Fixed-pitch propellers,

designed -!, fit the existing C? shafts, were on order and were planned for in-

stallation anti -taluation in the fall of 1982. These comments are somewhat at

* - odds with information given in Reference (2) which notes that the CP propeller

installatian is satistact-ry. It is also noted in the reference that the use of

supercavitating prop*llers resulte4 in prolonged propeller life.

1he foil system schematic included in Figure 4 has been adapted from

Reference (1) for diecusion purpoaes. he forward and aft foil systems shown in
central portions of the figure only include tkie system components which either

renerate lift or are used for directional control, The supplementary sketches in

the figure, which include outlines of hull croan sections, are intended to pro-

*• vide typical definition of the entire foil system, including those elesents whose
main funttie" iA structural support. "he component. of the foils systems are

largely hollow woldmenta %hich hav4 ben a•nufactured out of nickel-copper alloy
steel. The welded assemhlies are fixed to atructural hard points at the hull

using holt-up attachment,.

9he trailing *Ago flap shown in Fiqure 4, which are installed on the P"S

200 foil system, are not required for normal operation of the ship. Basically,

12E-
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*• the lift forces developed by a conventional surface-piercing hydrofoil system are

functions of the submerged area of the foils and the square of ship speed. As

ship speed is increased in the hullborne mode, increasing values of lift are gen-

erated by the essentially fully submerged foil system. Takeoff occurs at a speed

where the lift forces are sufficient to support the weight of the ship. As the

hull, clears the water surface, lift-producing elements of the foil system are

also exposed and an inherent trade-off between ship speed and remaining submerged

foil area is initiated. Flying height is mAintained without the use of height

sensors, automatic control systems, or similar equipment. A surface-piercing

foil system is inherently stable in all modes of foilborne operation, including

calm and rough water conditions and turning maneuvers.

Any hydrofoil system will react to surface disturbances of the sea. The

reaction is typically more pronounced in the case of a surface-piercing system

because of the interfacing of lifting surfaces with the surface of the sea. -

Rodriquez engineers, i; conjunction with the Hamilton Standard Division of United

Aircraft, have developed the SAS as a means for improving the rough water ride

qualities of their larger series ships. The SAS uses a gyroscope and accelero-

meter sensor package, mounted in the machinery &pace near the center of gravity

of the ship, to seiise ship motions. The motion signals are input to an analog

'omputer which is integral with the SAS control panel installed on the bridge.

The computer uses this, and flap position feedback information, to exercise the

electro-hydraulic flap control required to minimize ship motions in a seavay.

Each flap is driven by a desparate hydraulic actuator. Position transducers,

mounted on the actuators are used to sense flap position. Hydraulic power is

supplied by 14-etrically driven pumps installed in the machinery space, The W-

shaped transverse section of the forward foil system, shown in Figure 4, has been

adopted to allow the forward flaps to exercise increased roll control authority.

As outlitwi in Table I several modes of SAS operation are available. In

the Self Test mode the analog computer executes a diagnostic evaluation that i%

intended to confirm full operational status of the system. In the Manual mode

the operator can use the flaps to trim the ship in roll, pitch, or heave. In the

Takeoff mode the forward flaps are deflected dovn to a position of approximately

12 degrees. This increase in forward foil lift causes the ship to increase trim

14



*l which results in increas'.d Il t from the workinq elements of both fuLl systems

The Takeoff mode is manually disenqaqed when the takeoff iq completed. The SAS

Automatic mode provides fall computer-controlled dynamic positioninq of the flaps

_ in response to rough water ship motions. The operator can still exercise roll,

-.itch and heave trim control with the SAS in the Automatic mode. The operator

- can alro exercise limited control of the rate of response of the SAS system by

"the selection of low, medium, or high gain settings in the roll, pitch and heave

channels,

Directional control of the RHS 200 is provided by the dual aft and single

forward trailing edge rudders shown in Figure 4. The aft rudders are controlled

by a common actuator which is directly driven fro'. the helm. These rudders canl

he deflected nominally 30 degrees in either direction. An aft rudder position

signal is taken from a transducer installed on the actuator and is input to the

SSAS analog computer for control of the forward rudder. The forward rudder is not.

deflected until the aft rudders are deflected 10 degrees and its deflection rate

* per unit of helm position is programmed to !e o'-e-half that of the aft rudders.

These procedures have been adopted to provide a more physically comfortable turn

durinq foilborne operation. The SAS control panel includes a switch which allows

the operator to disengaqe the fofrward rudder if desired. There is no other SAS

input or control of ship turning. Flap-induced rolling of the ship into a turn

cannot he used to improve the turning characteristics of a surfacing-piercing

foil system.

S•-TEST DEVELOPMENT AND SCOPE

The evaluation of the RHS 200 was performed under the joint sponsorship of

. the USCG and UMTA. The USCG interest in the RHS 200 was based on the ship's

potential as a replacement for the WPB class patrol boat, while the UMTA interest
A

rected in the design role of the ship as a high speed passenger ferry. Test

requirements, which differed substantially in many areas but were largely common

in the area of ship performance evaluation, were developtd hy tach aqency. Full

Sdefinition of USCG test needs are defined in Reference (3) while UMTA data re-

qu~rementa are given in Reference (4). DTNSRDC-HYSTUDEr was assigned responsi-

bility for the desJqn, cunduct and documentation of a test series which would

1-5
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*"-: explore the ship performance test requirements which were common to both spon-

*•, sore. The resul/ing trials agenda, Reference (5), was prepared and used for the

conduct of the testa.

h summary of the test activities included in the trials agenda is qiven in

.Table 3. he open and closed symbols in the table provide broad indication of

test completion. Details of the procedures tmed in the conduct of the tests and

the results achieved are given in the Calm and Rouqh Water Performance Evaluation

Section of this report; the two major areas of interest. As is indicated by the

closed symbols in Table 3, it was possible to complete a major portion of the
calm water tests. 411 of the specific test events defined in the agenda were not

performed. The aqenda was written without full knowledge of the test variables

which could be addressed with the RHS 200, therefore, it contained a limited

number of test conditions which either could not be configured or could not he

performed. For example, the agenda called for the use of three weight condi-

tions, light and heavy ship and an overload condition, in the calm water speed

and power tests. It was determined on-site that light and heavy ship test condi-

tions of 110 and 135 tons would adequately cover All the available weight-related

option,. These weight variations were only considered in the conduct of the calm

* .water hullborne and foilborne speed and power trials and the takeoff trials. .. ll
of the other trials, both calm and rough water, were performed at the heavy ship

condi ion.

The calm water turning trials were addressed almost in their entirety.

The only significant deletion was the elimination of astern spiral turns. These

tests could not be performed due to a total lack of rudder effectiveness while

backinq down. It was possible to include test evaluation of turning cajability

at zero speed of advance in the trials. A wide test selection of tactical dia-

meters and zig-zaq, or debris avoidanc-, maneuvering tests were completed. The

stopping characteristic, of the sh.p were adequat,4-y defined and some definitive

ware measurements made. Actoal demonstrations of tactical response times could

not be made becau-e of harbor limitations and because of the potential for damage

to the enqines in the case of a 'Cold Iron" situation. 7he time required tn

execute these operations were reviewed with the Captain acid Chief glngineer of the

RHS 200. Essentially all of the towing trials were completed.

16
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TAME 3 - RiS 200 PERFORMANCE EVALUATION TRIALS SCOPE

CALM WATER SPEED-POWFR

"Speed Log Calibration

Hullborne Speed-Power

Calm Water Takeoff Trials 0

Foilborne Speed-Power & Trim 0

CALM( WATP. 71JINI .

Spiral Turning

Debris Avoidance Maneuvers

Low Speed Maneuverability 0

Tactical Diameters 0

RESPONSE CHARACTERISTICS

Stopping Characteristics 0

Tactical Response Time 0

Wake Evaluation 9

TOWING CHARACTERISTICS

Bollard Pull Tests 0

Towing Capability 0

RHS 200 Characteristics Under Tow *

ROUGH WATER TRIALS

Hullborne Matrix Trials 9

R/W Takeoffs and Landings 0

Foilborne Matrix Trials 0

R/W Spiral Turning o

R/W Debris Avoidance o

Slamming o

Seakindliness 0

Anchorinq o

PHOTOGRAPHIC CfVERAGF 0

ACOUSTIC & VIBRATION SURVEYS A

Legendz o not completed 0 completed
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SThe rough water trials were limiteA to two days of testing. On 8 Hay 1982

low State 5 sea conditions were encouitered and it was possible to toonduct foil-

horne matrix trials and some limited takeoff trials in that sea. The sea was At

a high 3 to lower 4 conditions on the following day. It was possible to conduct

hullborne and foilborne matrix trials, a fuller complement of takeoffs trials and

some limited seakindliness, i.e., low speed turning, trials at that time.

Comprehensive motion picture and 35 mm slide covergae of the RHS 200, both

, dockside and underway, was obtained through the services as a USN Combat Photo-

graphic Team who were deployed from Siganella Naval Air Station for two days of

trials support. All of the still film which was exposed was delivered to USCG

"representatives at the time of test. The motion picture coverage has been pro-

cessed and edited by DTNSRDC and will be delivered to the USCG separate from this

report.

Broadband acoustic and structural vibration data were taken on board the

RHS 200 during various underway conditions. Rodriquez supplied the DTNSRDC Test

Team with spectral representation of the airborne noise signature of the RHS 200

under flyby conditions. Spectural analysis of structural vibrations at a number

,- of locations throughout the ship while operating at different speeds were also

supplied.

DATA ACQUIISITION AND INSTRUMENTATION

A portable data acquisition system was assembled by DTNSRDC-HYSTU and was

installed on the RHS 200 for use as the primary means of deta acquisition during
the trials. A schematic diagram of the system is qiven in Figure 5. Brief des-

criptions of the major elements are as follows:

Power Conversion Module. Converted the 115 volt, 50 Hz ship's power to the
various types of power required for the system components.

Sensor Package. An instrument platform installed near the CG of the ship con-

taininq two vertical qyros to measure pitch and roll angles; three rate gyros to

measure pitch, roll, and yaw rates, and three accelerometers to measure lateral,

vertical and surge accelerations at the package location.

Wave Heiqht Instrumentation. A system consisting of a radar altimeter atntenna

package which was mounted on the bulwark at the bow 3nd an electronics assembly

18
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which was mounted on the foredeck at the how. Ito electronic assembly housed the

altimeter electronics and a self-contained inertial system. Two outputs, ship's
height at the bow and wave height, were generated by the wave height instrumeiita-

tion.

Remote Accelerometer Packages. Tree, two-axis, accelerometer packages were used

to measure vertical and lateral accelerations in the lower forward and the upper

after passenger cahins and in the pilothouse.

Model DS-620 Flight Recorder. A self-contained, diqital, data acquisition system

which was programmed to record the 38 separate data channels monitored during the

trials, IRIG C time code, and the voice track from the intercom system. Cassette
tapes are used for data recording. The unit has real time capability to output

analog signals for any 12 of the data channels at a time. 1%is capability was
used to selectively monitor up to 8 data channels on the strip chart recorder and

insure that data acquisition was functioning satisfactory during the trials. The
time code generated within the flight recorder was used for time control of all

tests.

Strip Chart Recorder. The 8-channel strip chart recorder was used to provide

real time display of selected data parameters throughout the tests for control

purposes. Te unit was also used to provide post-test review of data tape con-

tents and to provide on-site preliminary, data analysis.

Interface Module. The major functions of this unit was to provide an interface

between the elements of the DTNSRDC-HYI'YJDET data acquisition system, a point of

input for the signals obtained from ship's instrumentation, and test point moni-

torinq of all signals heinq input to the flight recorder.

Test Intercom. A 4 station intercom system used for test control communications

and to provide voice annotation of the data tapes.

A summry listinq of the 36 data channels measured and recorded durinq the

trials is given in Table 4. The H, S, and R source notations included t1 the

table indicate whether the measurands were developed within the nTNSROC-HYSTUDET

system, taken from normal ship's instrumentation, or were specifically installed

for test purposes by Rodriquez, respectively.

20
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TABLE 4 - DATA NEASURAND LISTING

SUBJECT SOURCE -

........
---- wJ m llm.l

Ship Speed S

Sine and Cosine Values of Ship Heading R

Pitch and Roll Angles HI6
Pitch, Roll and Yaw Angle Rates H

Height at Bow and Wave Height H

Aft Rudder Position S

Port and Stbd Forward end Aft Flap Positions S

Port and Stbd Propeller Shaft RPM, Torque and Thrust R

Port and Stbd Propeller Pitch Settings S

Stbd Engine Supply and Return Fuel Flows

Port and Stbd Engine Fuel Rack Settings S

Surge Acceleration at Center of Gravity H

Vertical and Lateral Accelerations at the:

Forward Lower Cabin H

Pilot House H

Center of Gravity H

Aft Upper Cabin H

All of the neasurands which were developed by the DTNSRDC-HYSTUDET instru-

mentation laboratory were calibrated during final checkout and assembly of the

system. The analog displays installed on the ship were used for on-site calibra-

tion of moot of the measurands which were taken from ship's instrnmentation.

This expedient was necessary since the ship could not be drydock~d for full

end-to-end calibration of the aft rudder, the flaps, and the propeller pitch

settings. The fuel rack position signal was calibrated to the engine racks.

i_ Voltage calibrations, supplied by Rodriquez, were used to calibrate the heading,

the speed and power related, and the fuel flow data channels.
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S'W mea~urement of RHS 200 speed was accomplished using ship's instrumen-

tation consistLh4t of a total head tube installed on the forward foil system. The

tube was plumbed to a pressure transducer installed within the hull near the

displacement waterline. Speed log calibration te!4ts were used to determine the

voltage output of the transducer as a function of ship speed. The calibration

runs were performed over a 1.15 nautical mile measured course which was pre-

viously established to the north of Messina harbor. A minimum of 3 runs over the

course were made at each of 4 hullborne and 4 foilhorne speeds. The usual opera-

tional and arithmetic procedures, detailed in Reference (4), were used to average

out the relatively minor effects of tide present during the calibration. Separ-

ate calibration curves were prepared for hullhorne and for foilborne, i.e., below-

or above 20 knots resp.ctively, application. This approach was adopted to iso-

late the effect of varying ship height on total pressure at the transducer. The

change in static head implied by the 8.2 feet change in draft listed in Figure 2

is equal to a 4 knot correction at 20 knots, and a 2.5 knot correction at 36

knots.

The propeller shaft RPM, thrust and torque data was measured at instrumen-

ted shaft distance pieces which were installed at the output side of the reduc-

tion gearboxes. Radio-telemetry was used for data transmittal. The transmitting

equipment was not installed until after the trials had been initiated. It was

also necessary to de-power the telemetry equipment whenever possible to extend

the operational life of the batteries. As a result, ship powering data were not

obtained durinq most of the calm water turiting trials.i4
Ihe remainder of the instrumentatiocn system was fully operation~al through-

out the test series. An early failure of the roll and pitch gyroscope stabilized

vertical accelerometer used in the wave height inertial package required replace-

ment of the unit. This resulted in some scaling difficulty as is liscussed inI4
the section on Sea Conditions. t'urinq data analysis, questions arose regardinq

the accuracy of some of the other data channels. These e.asis are reviowed in the

followinq discussion.

22
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DATA REDUCTION

The calm water data presented in this report was processed through several.

9stages in the data reduction effort. The 12 channel analog output playback

capability of the Model 620 Flight Recorder was used to input raw data voltages

into a digital computer controlled, Test Data Acquisition System (TDAS) at con-

tractor facilities. Due to the 12 channel limitation, repetitive playbacks were

usually required to retrieve all data of interest for particular test series.
_4

* The data cali1•rations were used to convert voltage values to engineering units as

part of the TDAS analog to digital input process. The TDAS system was then used

to process mean and standard deviation values for specific data channels over

specific time intervals. The channels selected and the time intervals specified

were dependent on the nature of the data being reduced and the manner in which

- the trials were performed. For example, in the case of the speed and power and

the spiral turning tests, steady state test conditions were held for a definite

period of time. In these and similar cases, a TDAS data interval of typically 20

or 30 seconds were used. The takeoff, tactical diameter, and zig-zag maneuver

tests were more transitory in nature. In these instances the TDAS was programmed

to provide mean and standard deviation data over one second intervals. A TDAS

processing rate of 12 samples per second was used in all cases.

In many instances the test data did not require processing beyond the

scaled conversion from signal voltages to enqineering units and the averaging of

the results. In the case of speed and power data the TDAS was programmed to

convert from metric to Fnqlish units and to perform the routine power, range,

etc., calculations. The relations used are listed for reference purposes in

Table 5.

An extensive review of the test data was made at this phase of the reduc-

tion effort. It was apparent that inconsistencies were present in the ship head-

inq, yaw rate, port propeller torque and pitch setting, and the propeller thrust

data which was obtained. on various occasions the port propeller data yielded

hiqher torques and lower thrusts while at lower pitch than the starboard propel-

Sler when both units were at essentially equal rotational speeds. on other

instances, port propeller performance was almost identical with the ntarboard

except for a continuinq pitch settinq discrepancy. A decision was made to baset

23tA
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TABLE S - TDAS SPED AND POWER RELATIONS

Torque, ft-lbs - 0J7376(Torque, Newton-meters)

.. rust, lbe - 0.2248(Thrust, newtons)

Enqine HP , RPM(Torque, ft-lhs)/(.98)(5252)

Total Power or

Thrust , Sum of Port and Stbe] Values

Thrust HP - (Thrust,lbs)(Speed,knots)/(325.6)

Propulsive Effi-

ciency, Percent , (Thrast HP(Cosl5*)/(Fngine HP)100

Combined Propulsive

Efficiency - Average of Port and Stbd Valh ;

Stbd Fuel Flow, GPH - (Sthd Total gpm - Stbd Return gpm)60

Stbd Indicaced SFC, = (Sthd Fuel Flow, lbs/hr)/(Stbd Engine HP)

Lbs Fuel/SHP-Hr

Ranqe Factor, - (Speed, kts)(2240)/(2)(S Fuel Flow,

Naut. Mi./Ton Fuel Lhs/Hr)

Range, Naut. Mi. - (Range Factor)(6)(.9842)

all powerinq data on the torque and thrust measured on the starboard ghdft and to

use the square of the ratio of port and starboard rpm values to estimate port

propeller loads. Comparisons were made of ship powering estimates generated

using this Oadjusted data' and that obtained when the two torquemeters were in

aqreement. Since the differences between the two estimates were insignificant.

it was decided to use this expedient in the preparation of all powering data

included in the report. This approach could not be used with the data obtained

during the towing trials because the starboard torquemeter was inoperative at

that time. All of the tow trials powering data were based on port torquemeter

results.

Propeller pitch settinq was not viewed as a significant, independent vari-

able in the reduction and analysis of the trials results. Little effort was

24
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expended in determininq the source of port to starboard •ifferences or il attemp-

tinq to modify the data through the applie.tion of oorrection far.t,4r. Of more

importance to this study was the fact that miuestions regardln.I the accuracy of

both the port and starboard thrustmeters were never qatisfactorily resolved. A

discussion of problems found in the thrust data, and the presentation of some of

the typical data, is included in the Light and Heavy Ship Speed and Power Sec-

tion.

The early analysis of TDAS calm water spiral turning data indicated that

the ship was turning to starboard at a hiqher rate than to port. This offset

could not be substantiated by rates of change in heading information ohtained

during the tactical diameter teets of in the zig-zaq maneuvers. T'he time

required to complete each 90 degree quadrant of the 540 degree tactical diameter

exercises was accurately measured using the bridqe compass. Rates of change in

heading for the tactical diameters were also evaluated, when possible, using the

sine and cosine of heading values. The yaw rates determined by these two sets of

data were in agreement. Similar agreement was found in comparable, but less

strenuous, investigation of heading changes during the zig-zag tests. It was

cnncluded that an error of approximately 0.5 deqrees per second was present in

the output from the yaw rate gyroscope. The gyroscope was re-ca[lbrated twice

after the test vy two separate aqencies. The results of all available r-alihra-

tions were identical and did not inclMe the offset. The source of the error was

never identified. It iR postulated that it may havq heen due to the influence of

structural vibrations on the gyroscope. Ihe sensor package was m.nnted to tha

main .Aeck immediately over the machinery space in atn attempt to locate the pack-

age as close to the center of -ravity of the ship as possihlo.

Averaging procedures wart ued to define a yaw rate correction factor from

the timed 90 degree changer in hNadiiq of the tactical dU4meter trialn. A cor-

rection of minus 0.518 deqrees/weceend was appliad to mo't of the turnlng data

within this report. The tactical diamet-r data were the only etxcqptio". In

these cases the times for the 90 deqreo tiuadra. t cha:nqen were used to determine

separate correction factors for each tactical diameter eoxerclq.

2$
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The sine value of heading measurand wan inope-rattve throuqh a larqe por-

tion of the trialst. The output of both the sine a.d cosine functions became

increasinq erratic whenever the -1.0 or 1.0 values were approached. As indicated 0

above, it was possible to use the more stable values of these eunctions to aid in

the definition of the yaw rate discropancy. Once the yaw rate correction factor

was established, there was little additional need for data system definition of

ship headinq, therefore, more accurate resolution of these measurands was ,tot

pursued.

A third staqe of calm water data r;:duction was entered after completion of

the review of the TDAS processed data. 1his effort entailed the use of a desk

top computer to investigate and to correct data as necessary in consideration of

the previously noted discrepancies. Tne same computer was used to provide the

inteqration required to develop time and distance type data relationships. Pre-

liminary plotting of all test data was then used as a means to select results

which were most representative of the ship's performance. The information inclu-

ded in this report is the result of this selection.

The rough water powering data were reduced in a manner which paralleled

that used for the calm water data. Several 20 or 30 second data samples were

taken along each segment of each matrix trial. Average data for these intervals

were then processed as described in the above discussions. All of the remaininq

rouqh water data reduction and analynis differed substantially from those used in

the ease of the calm water data. The rouqh water sea state, ship montion, and

acceleration data reduction procedures are presented in more immediate context

with the data in the nata Analysis 4otes Section.

2
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"RRM 200 CALM WATER PF.RFORKAMCR RVAfIA1TION

CALM WATE SPEMD AND POWE

' -Liqht an Reavn Ship Speed and Power

Hullborne and foilhorne speed and powerinq characteristics of the RHS 200

were evaluated under liqht and heavy ship weight conditions. Ship weight was

estimated to he between 109 to 111 tons in the light ship configuration and 132

to 136 tons in the heavy ship condition. The individual weight ranges reflect

fuel loads on board during the trials.

T he trials were performed by establishinq steady state operation at

desired speed and recording data over an interval of at least I minute. The

hullhorne tests considered a speed range of 8 to 16 knots in 2 knot increments

and a maximum hullhorne speed condition. The maximum hullborne speed conidition

was inappropriate for this ship with a surface-piercing foil sy.ntem. The ship

simply takes off in the 18 to 20 knot reqime. The possible use of SAS negative

"flap commands to hold the ship down at higher hullborne speeds was not con-

sidered. A speed ranqe of 20 to 36 knots in 4 knot increments was attempted in

the foilborne tests.

Speed and powering and ranqe characteristics for the RHS 200 in the light

and heavy ship configurations are tliven in Figures 6 and 7 respectively. Spe-

cific numerical comparison of the two eases can he found in Tahle A. The tabular

information has been taken from the faired curves within the figures. Ulnder

normal combined propeller pitch and throttle control a ship Speed of approxi-

satfely 7 knots results with the 1iisel enqines at idle, i.e.. 78h rpm. 1ower

speeds can he realized with manual reduction of propeller pitch. Th, fairinq of

the curves within the figures implies noar continuous transition hetwqnn th"

hullhorne and the Foilborne modes of operation. The actual 'speed qap". i.e..

the ranqe hetw"n maximum ntable hullbor,to speed and minimto Nithorti* -speed. in

quit* narrow. Hullhorne speeds over 16 knotn wetre routinely ,et. A- a~ttnpt to

qet 15 knots while hullhorne during the heavy ship trI.la resulttd in foilhorke

operation at 19.6 knot*.

A mAximus speed of 36.2 knots was achieov otiiring the light ship trialn.

At thin time atsqine Qpeed were at the maxismu valu, of 1460 rpm but thea tqinie4

ware not at full power. For reasone unknown, th* propeller% were op.ratinq at

27
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* reduced pitch during the lower speed testq of the hoavy ship series. This resul-

ted in higher engine speeds than those developed in the light ship tests and,

maximum engine speed was achieved at approximately 30 knots. At that time the

Chief Engineer used manually increased propeller pitch to progressively load the

engines until the maximum heavy ship speed of 35.6 knots was reached. Maximum

I power settings of approximately 4300 to 4400 horsepower were achieved in the

light and heavy ship tests. The power settings are the maximum loads which the

Chief Engineer chose to apply during the tests. Continuous operation at these

levels would apparently not be desirable since they are at alarm thresholds.

The heavy ship foilborne power levels of Figure 7 average 2.5 percent

higher than those for the light ship. A 22 percent weight difference exists

between the two cases. Assuming constant propulsive efficiency between the two

cases, and foil lift and area trades noted in subsequent discussion of thrust

data from the tests, a similar power increase could be expected in the heavy ship

* data. qis lack of agreement may be an indication of the overall sccuracy of the

* speed and power data. These data were re-examined ignoring the power "adjust-

* ment" procedures discussed in the Data Reduction Section. The unadj us ted power

data contained increased scatter and did not provide improved definition of

Slight-to-heavy ship trends.

The foilborne range curves in Figures 6 and 7 are also not fully consis-

tent with the light-to-heavy ship 2.5 percent increase in power requirements.

Ranqe for the heavy ship configuration is typically 6 to 9 percent less than that

determined from the light ship trials. The light and heavy ship maximum foil-

horne ranges of 296 and 270 nautical miles respectively both exceed the

advertised "Cruising Range" of 200 nauticml miles cited in Reference (1). The

ground rules used in calculating the reference ranqe are unknown. The ground

rules used in this study were optimized to simplify the calculation, a procedure

which also provided optimistic range estimates. It was assumed that the full

fuel l1ad of 5.9 tons was 100% available. In addition. no deduction was included

to account for the fuel consumption of the diesel-powered ship's service genera-

tor(s).

Port engine fuel flows were not measured during the trials. F'or range

calculation purposes they were estimated from starboard engine fuel flows on a

3'1



basis of the ratio of the power levels of the two ,etnees. Net fuel flows to the

starboard propulsion diesel engine as determined from the difference of measured

supply and return fuel flows during the trials are given in Figure A. As noted

in the figure the faired curves have been computed from the faired range curves

of Figures 6 and 7. This is an expedient adopted to ensure numerical consistency

"when equivalent data are presented using different units or formats. The fuel

"flow data are consistent in the light-to-heavy ship context. They should be used

if corrections to, or recalculation of, the range curves are considered.

Starboard engine Specific Fuel Consumption (SFC) is given in Figure 9.

The data reflect operation along the load line imposed by the CP propeller. The

light and heavy ship data are essentially in one-to-one agreement as should he

expected. The broad base of the curve, i.e., little change in SFC over a rela-

tively wide range of engine power, reflects a typical match of a diesel engine to

a propeller. The minimum SFC of nominally 0.375 is acceptably close to the 0.36

value typically considered to be an optimum for high speed diesel engines.

The RHS 200 propeller shafts were instrumented to measure shaft thrust at

the output side of the reduction gearboxes. The thrust data obtained during the

calm water speed and powering trials are given in Figure 10. These data have

been developed using procedures which paralleled those used in the adjustment of

the power data. That is, port thrust values were estimated as rpm-squared

functions of starboard thrust. The procedure was adopted due to a lack of

consistency in the port thrust data and it resulted in a reduction in data scat-

ter. The thrust data have not been corrected for losses at the stern tubes or

strut hearings. Similarly, the shaft angle corrections required to resolve net

propeller thrust into lift and drag components have not been applied.

Throughout most of the hullborne operating regime the light ship thrust

data are markedly hiqher than those for the heavy ship case. In comparison of

Figures 6 and 7 it can he found that the hullborne heavy ship powering require-

ments are at least equal to, or higher than, those of the light ship. In addi-

tion, the heavy ship propulsive efficiency curve of Fiqure 10 is discontinuous

between the hullhorne and the foilborne operating regimee. These facts all

32
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support a conclusion that the thrustmeters were not providing valid data during

the heavy ship hullborne tests. 1he source of the discrepancy was not found

"through full re-examination of the data.

* 1The foilborne thrust curves of Figure 10 display correct relationships in
the light-to-heavy ship context. In addition, the faired curve for the heavy

ship data is between 12 percent at 20 knots, to 20 percent at 35 knots, higher
than the light ship thrust. In the strictest sense, if a surface-piercing hydro-

foil were operating at constant lift coefficient values, a 22 percent increase in

ship weight should result in at least the same percentage increase in drag. The

foilborne trim data of Figure 11 indicates that the foil systems were operating

at higher angles of attack and consequently, at higher lift coefficient values

during the heavy ship tests. In this instance the one-to-one relationship

between increased weight and increased drag would be reduced and heavy ship lift-

to-drag ratio should he higher than that for the light ship. This is typically

the case with the data of Figure 10. Light ship lift-to-drag ratios. with drag

defined by using the cosine of the 15 degree shaft angle to correct thrust, vary

from ii.1 at 20 knots to 13.2 at maximum speed. Heavy ship lift-to-drag ratios

vary from 12.0 to 13.3 over the same speed range.

The above comments support the conclusion that the light-to-heavy ship

increments in thrust qiven in Figure 10 are correct. In view of the error in the

hullborne data, further analysis would he required to confirm the magnitudes of

the foilborne thrust levels. The most direct approach to such analysis would be

a complete calculation of foilborne drag for the ship. The hydrodynamic And

geometric definition of the foil,% systems necessary for this level of analysis

are not available. A similar situation impedes the interpretation of the foil-

borne trim data of Figure 11. Both the light and heavy ship data sets display a

marked depression at speeds of approximately 28 knots. It is postulated that the

speed related reductions in pitch angle are the results of inherent forward and

aft foil system lift and area trade-offs which occur with increasing speed. The

basis for the fact that foilborne light ship trim is less than heavy ship trim iR

also believed to be inherent in the properties of the foil systems. A shift in

the lonqitudinal center of gravity between the two weight conditions would also

36
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influence trim. Toe trim d&ta of Piqure 11 is accepted as valid. The reduced
"trim regions of the curves was estahlished by repeated test points within each

weight condition.

bstimates of the operating propulsive efficiency of the RHS 200 are inclu-

ded in Figure 10. The data have been defined using the equation for efficiency
included in Table 5. Thm only losses included in the derivation of propulsive
efficiency is a 2 percent correction applied to allow for the reduction gearboxes

in place between the torquemeters and the engines. It was assumed that minor
thrust losses in the stern tubes and strut bearings would be equivalent to thrust

deduction effects on the after foil system. As was noted in the description of
the RHS 200 the propellers are a supercavitating design produced by KaMeWa.

Based on KaIeWa successes in other high speed propeller installations propulsive
efltclenctUe well In a cC 60a percent weabt be elkete. elativeay low
efficiencies in Figure 10 could result from power estimates wbioh war* Wo high.

thrust data which is too low, or actual low propeller efficiencies. In view of
Rodriquez expressed concern regarding propeller efficiency, a propeller selection
exercise was performed to estimate efficiency levels and to assess off-design

operation of the supercavitating, CP propellers. KaMeWa 398B model propeller
data was used in the Relection exercise. The 398B design is older than that used

for the RHS 200. A propeller was selected which would absorb full engine power
at 850 propeller rpm at 36 knots. Resulting light ship propulsive efficiency

varied from 53 percent at 20 knots to 63 percent at 36 knots. The heavy ship
efficiency estimates were slightly lowers 53 percett at 20 knots and 61 percent

at 36 knots. On the basis of these results it must he considered that the

installed propellers may actually be operating at relatively low efficiencies.

The data of Figures 5 through 11 represent normal, steady-state, opera-
tional characteristics of the RMS 200 an defined from the triali. Additional

tests were performed to determine the effect of trim on foilhorne speed and power
and to ase-ss single engine hullborne performance. Beth of these test series

were performed at the heavy ship weight condition. In the trim test, foilhorne

speed and power data were obtained with the ship operating at increased and
decreased trim angles of approximately one degree. The SAS was used to provide

the necessary control of ship trim. In the increased trim tests the forward
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flaps were deflected down by approximately 7 degrees to provide increased lift at

* .the forward foil. The aft flaps were deflected down by approximately 10 degrees

during the reduced trim tests. The speed and power results of the tests are

given in Figure ,2. The data indibates that some improvement in foil system drag

may result when operating with increased trim at off-design speed. Off-desiqn

' operation with reduced trim incurs definite drag penalties.

Sinqle engine hullborne trials were conducted to determine speed and power

capability in the event that one shaft was disabled or suffered a loss of power.

During the t#sts the pert engine was shut down, the shaft was de-clutched and

procz1ller pitch was set to near zero. 'he results of the tests are given in Fig-

ure 13. The maximum speed attained was 11.5 knots and was limited by occurrence

of over.oad ý'art:as on the starboard engine. The fact that engine power levels

were well below maximum power is partially the result of the higher torque loads

which a propeller will develop at high rpm at low ship speed. In the current

installation the propeller pitch load control unit functioned to prevent engine

overload by maintaining reduced propeller pitch. The Chief Engineer used manual

pitch control to load the starboard engine as heavily as possible. The single

engine performance capability of the RHS 200 could provide a reasonable mode of

emergency operation.

Takeoff Rvaluations

The calm water takeoff trials considered three types of takeoff in both

the liqht and the heavy ship weiqht confiqurations. The tests included minimum

power takeoffs, normal takeoffs using the programmed SAS Takeoff mode, and take-

offs with zero flaps.

The minimum power tests were intotded to define the minimum power required

to achieve foilborne operation. The information can be used in comparison with

normal takeoff power requirements to define -xcess takeoff power capability.

These takeoffs were performed with the SAS in the Takeoff mode by establishing

steady-state operation at an engine sipeed which was approximatel," 200 rlm below

the point where a normal takeoff would occur. 7he throttles wtrt advanced to

increase engioe speed by 50 rjx% increments and ship speed was allowed to 8tablix

after each throttle incremeot wen applied. Steady-itate data wan obtained at
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each stable increment. Itoe minimum power takeoff point was identified when the

ship failed to stabilize at a hullborns speed and achieved foilborne operation.

Ihe results of light ship minimum power takeoff are given in Figure 14.

The data are for two separate test series. A third repeat of the tests did not

produce significantly different data. The point of maximum required power was at

20 knots %tile the propellers were absorbing the equivalent of 2860 engine horse-

power. In all of the light ship tests, stable hullborne operation could not be

maintained if the throttles were advanced as little as 10 to 20 rpm above an

enqine speed of 1200 rpm. The ship accelerated in speed, bow height increased an

average of 3 feet without a significant change in trim and stable foilborne oper-

ation was achieved.

The relatively sharp reductions in thrust and power in Figure 14, after

takeoff, reflect changes in ship draq with foilborne operation and changes in

propeller loading which would occur with an increase in speed of advance at con-

stant rpm. The propeller load reductions appear to be greater in this irstance

than what would normally be expected. The effect of the change in elevation on

the output of the speed transducer has been accounted for in the derivation of

the final data points. There were no significant changes in propeller pitch

between the points of maximum load and maximum speed. There is some possibility

that the operating characteristics of the propellers were slightly altered by

increased cavitation as the ship became foilborne and propeller submergence was
Sdecreased .

The torque and thrust data derived from the heavy ship minimum power take-

off to*ts twer too erratic to warrant their inclusion in this report. in those

tests minimum power takeoffs also occurred immediately above 20 knotm while

attempting to set shaft speeds sliqhtly in excess of 1200 e*qine rcp. The data

provided some indieation that total power levels were at 3100 horseprwer at the

point of takeoff. Marked reductions in propeller loads %mre aqain present after

the takeoff occurred.

The normal takeoff tests were perforned following the straight 'orvArd

procedures used ia routine operation of the ship. Th* SAS was al igned to the

Takeoff mode %hifh coands 10 to 12 degree deflection% of tho forward f alm.

the throttles were then advance4 frGo Idle to full power at the maximum rate
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which the Chief Engineer deemed advisable. During the takeoff cycle, the added _
I

forward foil lift, generated by the flaps, increases ship trim and results in

added Mft from both the forward and nft foil systems. The ship simply acceler-

ates through the takeoff and reaches steady stete foilborne operation at a speed

equivalent to the power settinqa. T!ypically, the SAS is realigned to the Auto-

matic mode as speed increases above 25 knots. The tip panels of the forward foil

on the RRS 200 are marked to define the plane of the keel at that location along

the hull. The point where this mark broached the water surface was identified as

the actual point of takeoff. During the trials, the times required to reach
I

takeoff and to reach a speed of 30 knots from the idle condition wera noted.

Zero flap takeoffs were performed to evaluate the effect of SAS assist on

takeoff performance. These tests were conducted in the same manner as the normal

takeoff series with the exceptior, that the SAS Zero Flap mode was selected prior

* to the takeoffs. Three light ship and two heavy ship zero flap takeoffs were

conducted.

Light ship normal takeoff characteristics, as defined by one of the three

essentially identical tests of the series, are given in Figure 15. Similar data -

for a light ship takeoff with zero flaps are given in Figure 16. Heavy ship

normal and zero flap takeoff characteristics are given in Figures 17 and t8 res-

pectively. The data for all four cases are sufficiently in common that detailed

discussion of each case would be redundant. A summary comparison of the faired

pOwer and elapsed time curves from the four takeoff cases is given in Figure 19.

All of the takeoff tests were initiated while at idle power. This con-

dition typically resulted in a ship speed of 5 to 7 knots with propeller pitch

settings of 35 to 40 percent. Ihe engines resp<"ided very rapidly to the advance-

ment of the throttlee producing abrupt increases in both shaft speed and power.

By the time that ship speed was increased to approximately 10 knots propeller

pitch had bee" increased to the 95 percent reqion. From that point on there were

no further siqnificant changes in propeller pitch and the takeoffs were largely

fixed-pitch operations. As is apparent from Figure 19 there were no substantial

differences in the application of pxavmr in any of the takeoffs. The largest

areas of difference in power occur below 13 knots. Peak power levels were

reached in the 15 to 18 knot speed region. No inZormation is available *hich
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defines engine operational limits or the proqrammed interaction of the propeller

load control units and the engines. The fact that there is little difference 0

between the power levels in all of the various takeoffs could result from either

efficient manual control by the Chief Engineer or from engine load limits speci-

fied within the load control units.

The effects of ship weight and SAS assist on takeoff performance were

minimal during the early hullborne stages of the takeoff tests. In the prepara-

tion of Figure 19 the time versus speed curves of Figures 15 through 18 were

* shifted vertically to permit all the curves to pass through a time of 5 seconds

at 10 knots. This adjustment, which was minor in all cases, allows better com-

parison of ship acceleration throughout the takeoffs. In all cases acceleration

was essentially constant until nominal speeds of 10 to 21 knots were reached.

Above this speed the effects of ship weight and SAS assist become more apparent.

Trim attitudes of the ship during the takeoffs are given in Figure 20.

The increased trim effect of the SAS controlled forward flap deflections is

clearly evident in both the light and heavy ship tests. There is little differ-

* ence between the light and heavy ship trim curves with the SAS Takeoff mode

engaged. With the flaps zeroed the heavy ship tended to approach the takeoff at

flatter trime until ship speed was over 20 knots.

During the data reduction process attempts were made to use measured bow

height and trim angle in conjunction with ship and foil system geometries to

identify the point where full ship weight was supported by the foils. Satisfac-

tory results were not achieved. The time and speed data which was recorded dur-

inq the trials offers the best means for comparison of the various takeoffs.

Averaqe values of these data are presented in Table 7. The distance values of
the table are based upon average values of the time and speed data. The mos t

noticeable result is the difference between heavy ship normal and zero flap take-

of f times. The use of the SAS provided a 70 percent reduction in heavy ship

takeoff time, however, to place the data in perspective it is noted that takeoff

times on the order of 15 seconds should he considered outstandinq and 25 seconds

as very acceptable.
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2%= 7 - YAUfolr MrniMoU C SU4KARY

LIGHT SHIP HEAVY SHIP

SAS MODE

AUTOMATIC ZER0 FLAP AUTOMATIC ZERO FLAP

Time to Takeoff, Sac 14.3 16.7 15.5 26

Takeoff Speed, Knots 20.6 23.9 22.1 25.2

Distance, Yards 83 112 96 184

Time to 30 Knots, Sec 25 26 27.5 34.5

Distance, Yards 159 183 184 250

The speed data for the proceeding takeoffs contain unknown, height-

*. related, discrepancies which are potentially most severe in the 20 knot regime.

As noted earlier, the calibration of the speed log considered separate hullborne

and foilborne modes of operation. The TDAS computer was programmed to select the

followinq calibration curve at transducer output voltages equivalent to 19.3

knots. This procedure, which minimized the effect of elevation on the output of

the hull mounted speed transducer, vas deemed to be sufficiently accurate for

normal steady-state data of Figure 14, it was found that a height change of

approximately 3 feet, equivalent to a 1.4 knot speed error at 20 knots. occurred

at takeoff. It we poesible to apply this correction in the case of the minimum

powr takeoff. A similar correction could nvt be applied in the case of the

continually changinq normal and zero flap takeoffs.

CAtI WATER TURNING

Spiral Turning

Dieuodonne spiral turns 'are used to determine the hullhorne and foilborne

steady state turning characteristics of the RHS 200 in the heavy ship conf Xqura-

tion. These trials also provide evaluation of the dirsctional stability of the

ship.

The trials were conducted by establishing straightavay operation of the

rectuired speed. The helm was then laid over to position the rudder at 20 degrees
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* right and held until a steady turn rate was established. The helm was then suc-

cessively reduced to position the rudder at 10, 5, and 2 degrees right allowing S

turn rate to stabilize at each point. After zeroing the rudder and taking data

4t that position the rudder was then advanced left to 2, 5, 10, 20, degrees and

-ull left positions. The entire sequence was then reversed, taking steady turn

*at& at all intervals, until a full right rudder position was reached. S

The results of the hullborne spiral turning tests are given in Figure 21.

*he hullborne turning characteristics of the RHS 200 are very nearly linear over

* the installed range of the rudder. There is some indication of a limit of rudder

effectiveness at full rudder in the 10 knot data. Turn data is limited to .0

opproximately 2 degrees per second in that case. The 16 knot data display linear

rinder effectiveness to full rudder where turn rates of 3 degrees per second were

realized. This improvement in turning capability with speed was also evident in

data obtained during the hullborne tactical diameter trials. 0

ltie data of Figure 21 are largely continuous through the near zero rudder

* position indicating that the RHS 200 is hiqhly stable in the hullborne mode. The

data of the figure indicates :hat a 2.5 degrees left rudder command may be

required to maintain a straight course. Although this discrepancy was observed

on the bridge during operation of the ship, it is noted that the signal used to

drive the bridge rudder position indicator was also recorded by the data system.

End-to-end calibration of rudder positJotn was not p..iible so the data signal was

calibrated to the bridge display. Therefore, it is not known, if the rudder off-

set is actual or is a result of instrumentation inaccuracy.

The results of the foilborne stpiral turning trialn are given In Figure 22.

The data for an initial speed of 28 knots are re.sonably linear at or above nom-

* inal rudder positions of 5 Jeorees. Tho data for the Minher speed -'aoe generally _O

show the same trends excort that :.ore dati .catter i,4 ri.nont. mith 5Ct.t of data

show a clear lack of contliuity hetwnttn the right and thy loft tur-'s wtwre dirac-

tional stability is marginal. These areas uwor I-ti-ilt w-, twi.rrway with tho

ship foilhorn•. Durini straiqhtaway trann'it, minor holn .orr'ctJin '; e input

on an estentially contiiuo'1s basig. There is nqo ,omfi Atir t i 'versal of

directional stability within th. ar*A of citcont-lAnitay. Ak f.it ." could Iv!

determined by observation. the ship alwayu respondod r.adlly in the direction of
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tie helm command. The region of marginal stability may result from flow or free

surface disturbances on the more vertical, surfaze-piercing, sections of the foil

systems.

Both sets of data in Figure 22 are positioned vertically in the plots in a

manner which indicates that the ship may turn to the riqht more readily than to

the lef t. his conclusion could not he supported in the data obtained from the

tactical diameter or the debris avoidance turning trials. In the case of the

spiral turns, the average yaw rate correction factor as discussed in the section

on Data Reduction may not he sufficiently accurate enough for the case at hand.

The effect of turning on ship speed as defined from the spiral turning

tests is given in Figure 23. A speed reduction of 15 percent occurs with full

rudder commands while hullborne. 1he reductions appear more severe in the case

of the foilborne data. Except for the relative low loss in speed indicated for

the 35 knot turn data, the remainder of the foilborne data are consistent withl

actual )ccurrencss. Foilborne turning maneuvers exert rather large drag forces

on the ship at the hiqher rudder positions. It was later determined that, in the

normal trim configuration, the ship would not remain foilborne with 20 deqree

rudder commands at speed over 30 knots.

'T•ctical Diameters

1.e USCG specification of Reference (3) requested a wide scope of hull-

borne and foilborne tactical diameter trials. The trials agenda consequently

included plans for the conduct of 30 such maneuvers. Eventually, in excess of 22

tactical diameter trials ware attempted or completed. Table 8 defines the scope

of the completed toots. All of the noted turns ware completed in both the right

and left turn directions.

W"8- "hMCAL DJAI61M T1AL3 CC"ILMTOh

SHIP SPEED, KN'JOS
R"UODE POS ITION. .... ..

S¶2 ¶6 28 3

10 X X x
Is• X X

20 x X X
FULL X X K
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The tests were performed by establishing straightaway operation at requi-

red speed into the prevailing light seas. h "Condition On" event was noted and

tla helm was advanced to the required position. The rudder was held until a turn

of 540 degrees was completed. The intervals required to complete each 90 degree

"quadrant within the turn and the length of the entire turn were timed. The

* bridge compass was used as the heading reference for conduct of the trials.

Full rudder foilborne turns could not be completed at either the 28 or 35

knot t •st 3peed. In addition, the initial attempts at conducting 35 knot tacti-

cal diameter turns at 20 degrees of rudder were not successful. These tests were

* cancelled when the aftet sections of the hull apparently contacted the water

surface, initiating an increased drag situation which resulted in high engine

loads. The 15 degree rudder tests included in the above table were selected in

lieu of the 20 degree tests.

* iThe 35 knot, 20 degree rudder, tactical diameter tests were successfully

completed later in the test deployment. During these tests the SAS manual con-

trol capability uvs ;wed to increase ship height and reduce trim thereby increas-

inq aft hull clearance. The tests were conducted within convenient dist*ance of a

Sprominent headland and radar ranges to this point were used to confirm the tac-

tical diameters. Average time and speed data recorded during the trials ware

used to estimate a tactical diameter of 870 yards at the same time that radar

reading* indicated a diameter of 800 yards.

SThe RHS 200 maintains very flat roll attitudes during turns. Roll angles

were near ero during the 16 knot full rudder hullborne tactical diameter turns.

During the 35 knot right turns with 20 degrees of rudder, the average roll angle

was 2 degrees to the left. The Captain had expressed the cpinion that the ship

* turned more readily if the SAS manual control wag used to roll the ship into

turns. Right and left turns at 35 knots with 15 degrees of rudder were made to

investigate this possibility. In the case of the right turn, the starboard for-

ward flap was set to 15 degrees trailing edge up, the port forward flap was set

* to 10 degrees down and the aft flaps ware near zero. Similar, but reverse, flap

positions were used to set up for the left turts. The rolled approach to the

turns gave a physical feeling of improved turn capability, however, averaqe time

and heading change data taken from the bridge during the tests indicated that the
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turn rates were at least 25 percent less than those obtained during normal turns.

This type of turning was not investigated further and the limited data taken were

not reduced in detail. Interactions between roll-created changes in foil system

watted area and panel effectiveness under turn-created side slip conditions could

be postulated as reasons for reduction in turn capability. They cannot he pre-

sented with confidence without better definition of foil system geometry.

The individual tactical diameter trials were lengthy. The reduction of

all data obtained could not be considered from a reasonable time and effort point

of view. The data for 5 hullborne and 5 foilborne turns were processed and re-

viewed in detail. The final results justified the reduced effort approach. The

RHS 200, as in the case of most hydrofoils, quickly entered into the turns and

developed precise circular tracks. The trials data were initially reduced

through TDAS definition of 2 second mean values of speed, yaw rate, and other

turn-related parameters over the period of the 540 degree turn. These data were

then computer integrated to define ship track through the turn. Separate yaw

rate correction factors which were based on the timed 90 degrees changes in

course were applied in each case.

A summary of the tactical diameter trials selected for data analysis is

qiven in Table 9. In terms of minimum tactical diameter, the optimum way to turn

the ship while either hullborne or foilhorne would be to reduce speed and to

apply maximum available rudder. This procedura would also provide minimum time-

to-turn during foilborne operation. Minimum time-to-turn while hullborne would

be achieved at the expense of increased diameter by increasing speed and setting

full rudder. The averaqe hullborne tactical diameter turn rates are in agreement

with the turni rates developed in the apiral turas, This statement also applies

to the 28 knot foilborne turn data. The 35 knot averane t7,cttcal diameter turn

rates indicate that maximum rudder effectivnov c curs with 10 degrees of

deflection at that speod. There in little diffartýnc• oetwoen the averZqs turns

rates which resulted with 10, 15 and 20 detiree ru~ldcr commaids ot 35 knots. The

averaqg loso in speed duri:ny t•h, turns of Table was- app)rf:vtat-ly 11 percent.
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TMAZ - TCTICAL DXANSM SOMART

NOMINAL RUDDER INITIAL SPEED TURN

SPEM COMMAND SPEED IN TURN RATE DIAMETER

Knots Degrees Knots Knots Deg/Sec Yards

8 Full R 7.77 6.68 1.59 270

12 Pull R 11.90 10.55 2.23 301

16 Full R 16.23 14.36 2.64 357

S16 Full L 16.29 14.65 -2.67 342

16 20 R 16.21 15.09 2.27 429*

28 20 R 27.66 22.66 2.58 555

35 10 R 34.57 32.74 1.92 1102*

35 15 R 34.81 31.22 1.86 1082'4

35 20 R 33.75 29.80 2.17 917

35 20 L 33.58 31.71 -2.16 919

*Based on average speeds and turn rates over 90 degree segments

Computer integrated traces of shij track during the hullborne tactical

Sdiameter tests are given in Figure 24. The starting point for tho individual

plots was taken at the ti.me:- when the rudder was first deflected. The time in-

terval hetween each successive data point is two seconds. A scheme using a

closed symbol was adopted to siqnify the last 180 degrees of the complete 540

0 deqree turn. In all of the cases within this figure ship advance into the turn

does not lead transfer by significant amounts. 7he data indicates that in the

worst case of 16 knots at full rudder, an advance of 200 yards "as required be-

fore the transfer of 175 yards required to change heading 90 degrees was com-

plete. Steady state turning conditions were achieved very early in the turns.

The ship moved directly into, or immediately adjacent to its own wako as the

first 360 degrees of turn was completed during a large majority of both the hull-

borne aid foilborne tactical diameter trl).s.
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* Ship track during 35 knot foilborne tactical diameter turns with 20 de-

crees of rudder are given in Figure 25. These data are for the special case

where ship trim and height were adjusted to allow completion of the tests and

track diameter was confirmed by radar. Both sets of data ware obtained in near

Stime frames and locales. The reasons for deviation in track in the case of the

left turn are not known. Graphical representation of the affect of speed on

foilborne tactical diameter is given in Figure 26.

Time dependent characteristics of tactical diameter turns at 16 knots with

full rudder and at 35 knots with 20 degrees rudder are given in Figure 27. All

of the data were developed over one second intervals. Some data points have been

omitted for clarity. AM stated earlier steady turn conditions are established

quickly in the initial stages of the turn. Ship speed is essentially stable

within less than 10 seconds.

Zig-Zag Maneuvers

Zig-sag maneuvers are used to evaluate the ability of the rudder(s) to

control the ship. The following test procedures, which parallel those defined in

Reference (6), were used in the RRS 200 trials.

1. Straightaway operation was established at required speed along a

known base course.

2. The hela was rapidly advanced to the right to the required position

and held until a course change of 20 degrees occurred.

3. The helm was then rapidly shifted and again held until a course

change of 20 degrees to the left of the base course was achieved.

4. The helm was then shifted to the right at maximum rate and held until

"ship's heading was 20 degrees to the right of base course.

5. The helm was shifted left and the tests were ended as the ship

approached a base course heading.

"The sig-sag maneuvers were conducted at hullborne speeds of 8, 12 and 16

knots and at foilborne speeds of 28 and 35 knots. Rudder sequences of 10, and 20

degrees and full over were exercised at each speed. As in the case of the tac-

tical diameter trials the data obtained exceeded reasonable data reduction time
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and effort capability. Pour tests were selected for detail presentation; 10

- degrees of rudder at 10 knots, full rudder at 16 knots, 20 degrees of rudder at

". 35 knots, and full rudder at 35 knots.

The results for the selected zig-zag maneuvers tests are shown in Figures

*". 28 through 31. The format of the presentations is that suggested under Reference

(6). The rudder -and yaw angle data have been plotted following the normal y-axis

and right-hand rule positive sign conventions. A fictitious base course of 090

. degrees was used in the computer integration of ship track to simplify data pre-

- sentation. As a result, track displacement to the right of original track are

plotted as negative values in the figures. The figures also contain supplemen-

tary information for use in resolving the non-dimensional ship length of travel

along the track to dimensional units if desired. All of the information in the

* fiqures is based on one second analysis intervals. Numerous data points have

been deleted to simplify the plotting process.

The primary results to be derived from the zig-zag tests include the time

reauired to reach the first 20 degree change ir heading from the straightaway

* condition, the overshoot in yaw angle which occurs after the rudder is reversed,

and the overshoot in track which occurs before the ship returns to the original

heading. The first result is a direct moasure of the ability of the ship to

change course rapidly. 'he other factors provile indication of the degree of

anticipation which a helmsman must exercise while maneuvering in confined

waters.

The zig-zaq maneuver made at 16 knots with 10 degrees of rudder resulted

in very low yaw angle overshoots and required a relatively lonq time, 20 recones,

to reach the first 20 degree change in coures. In all three of tCe high rudder

anqle a Mts given in the accompanying figures the initial 20 degree change in

course was completed in P~sentially 11 seco•ds. The ovjrhoots in raw angle were

minimal, ranqing from 7 degrees in the hullborne full rudder cas;.'" to 2 degreeg

foilborne with full rudder. Ihe overshoots in ship track were largely functions

of speed. Those occurring in the 16 knot hullborne tests wre essertially one-

half of the 35 knot track overshoots.

initial and average opeed data are presented in the figures. In the 16

knot and the 35 knot 20 degree rudds, tests the decay in speed waa such that the
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given mean values were established within 19 seconds of the start of the test

series. There was little need to include -,.is infotme.tion in the plots. Vie

"speed decay in the case of the 35 knot tull rudder test series was much more

severe and continued throughout the test. It is believed that the hull was drag-

sing during parts ot this test. If this contact occurred it did not have a

noticeable effect on turn rate. The failure to return to zero track displacement

during the last evolutioni of both of the foilborne cases is attributed primarily

to the decay in speed. Tinis diwcrepancy could also 1e influenced by irjacc~racy

in the measurement of yaw rate.

In view of the relatively small c'ersho angles which occurred it is

considered that the RHS 200 responded quickly and precisely to the rudder com-

mands. The times required to reach the 20 degree course changes and the track

overshoots which occurred are unfavora.ly influenced by the relatively low turn-

ing rates of the ship.

Low Speed Maneuverability

The investigation of the low speed maneuverJIiiity of the RHi" 200 included

the investigatior of the minimu-n speed at which the ship would still respond to

the rudders and demonotrations of ship turning while aC zero rpeed of advince.

The tests which investigated the limits of rudder effectiveness were conducted by

setting sitraightaway operation at 5 knots speed into the prevailing light sea and

then executing the following rudder schedule.

1. I'rle rudder was advanceýd 10 degrees right and held for 30 seconds.

2. The rudder was shifted 10 degrees left and held for 30 seconds.

3. lne helm was center-d and initial conditions were re-established,

4. Steps (a) and (b) were repeated using full rudder commands.

5. Ship speed was _educed by I knot increments and the sequence

repeated.

Under normal operating co.dition-, idle of the RHS 200 is approxi-

mately 7 knots. In these tests idle opI-edtllr,, )f t:h- t, ofii-, woi s('t and propel-

ler pitch was reduced, i nd}pendent of the coinb.' ed Li,r)t. t/pitch control, to set

speed. During the tests speed was ineasu••R&d lUingq voltmeter iistalled on the
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bridge which displayed the output of the speed transducer. The tests were dis-

* continued when it became apparent the low voltages could no longer be read with

confidence. 'The computer processed results of these tests are listed in Table

10. Rudder authority was maintained to a speed of less than 2 knots.

* TABLE 10 - LOW SPEED MANEOVERABILTTY

AVERAGE RUDDER POSITION

AVERAGE SHIIP

SSPEED, KNOTS 10.8 Right 10.2 Left 27.8 Right 27.4 Left

4.76 0.67 -0.41 1.12 -1.17

3.32 0.42 -0.41 0.81 -0.89

1.81 0.21 -0.21 0.53 -0.55

Tabular values are turn rate, degrees/second

The zero speed turning demonstrations were performed using differential

thrust to turn the ship. All aspects of the tests were under the control of the

Chief Engineer who normally maintains throttle control during operation of the

ORHS 200. The combined throttle/pitch control levers were used to apply port and

starboard, ahead and astern thrust as required to turn the ship and to maintain

position. The test results are listed in Table 11. The thrust and power data

have been included for interest purposes. It was possible to develop turn rates

* which were equivalent to those generated during underway operation of the ship.

It is emphasized that the data in Table 11 are for non-steady state con-

ditions. The data are typical instantaneous values. The throttles required near

continuous manipulation to avoid significant ahead or astern movement of the

ship. None of the thrust or power information should be interpreted as repre-

sentinq the differentials required to achieve a specific turn rate while at zero

speed.
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TABLE 11 - ZERO SPEED TURNING CHARACTERISTICS

PROPULSION CONDITIONS

TURN RATE.

DEG/SEC Enqine Pitch Th r us t Power

*RPM Percent Pounds HP

0.57 Port 840 36 5,820 390

Sthd 1,330 -79 -9,440 1,380

-0.51 Port 1,430 -83 -10,850 1,920

Stbd 850 52 8,760 590

1 1.09 Port 923 36 10,030 720

Sthd 1,320 -79 -9,930 1,530

-1.12 Port 1,430 -83 -10,640 1,935

* Stbd 960 60 14,640 1,090

2.03 P vt 1,020 61 13,750 1,080

Sthu 1,320 -79 -9,930 1, 380

-2.18 Port 1,420 -83 -10,870 1,930

Stbd 910 60 12,410 850

TOWING PERFORMANCE

Bollard Pull

The RHS 200 bollard pull tests were conducted with the ship secured by a

Sstern rigged hawser to a mooring buoy. A DTNSRDC calibrated load cell was

installed on the shipboard end of the hawser. A bridle arranqement was used to

attach the load cell to lifting luqs installed on the af:erdeck of the ship.

Water depth under the ship was over 50 feet and the ship wus in excess of 220

* yards from the shore.
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The tests were conductad at normal propeller pitch settings and at set-

*tinqs which were nominally 10 percent higher and lower than the normal values.

In planning the tests it was intended to utilize engine speed settings from 800

to 1000 rpm in 50 rpm increments. Each rpm condition was set, conditions were

allowed stabilize, and a data was then taken over a discrete interval. The nor-

* rmal pitch tests were limited to 950 rpm due to concern regarding the strength of

the attachment point at the sea buoy. 980 rpm were set in the reduced pitch

tests when the pull loads ware lower. The increased pitch test- were limited to

an engine speed of 900 rpm when it became apparent that the data being obtained

* did not differ significantly from the normal pitch data.

The results of the bollard pull tests are given in Figure 32. Propeller

pitch varied from 35 to 60 percent during the normal tests and 30 to 50 percent

in the reduced pitch tests. Engine power levels were well below maximum capabi-

lity. As is noted these data are based on torque measured by the port torque-

meter. The square of the ratio of starboard to port rpm was used to estimate

starboard side torques during the tests. As noted in the Data Reduction section,

the output of the port torquemeter was held to be questionable in other test

* instances.

Propeller shaft thrust as measured by the installed thrustmeter has been

included in the fiqure. This data parallels the load cell data with the applica-

tion of power. Shaft thrust is approximately 15 percent higher than measured

pull at low power and 7 to 8 percent higher at the increased power levels.

Thrust should only be 5 percent hiqher than pull if the thrust to drag conver-

sions used to calculate propulsive efficiency in the Light and Heavy Ship Speed

and Power section were correct.

Underway Towing Capability

The RHS 200 was used to tow a RHS 160 hydrofoil ship in the assessment of

its underway towing capability. The RHS 160 class has a length slightly over 101

feet, a displacement of 85 tons and is configured for 160 to 200 passengers. The 4

tests considered liqht and heavy towing conditions. In the light tow configura-

tion both shafts of the RHS 160 were de-clutched and free to rotate. In the

744
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heavy tow configuration one of the RHS 160 shafts was free to rotate and the

other was engaged in the astern position. Minimum power levels were maintained

on the engaged shaft.

Both series of tests were performed by obtaining steady state data after

setting straightaway operation at prescribed RHS 200 engine speed. The tests

were initiated at an engine speed of 800 rpm, 100 rpm increments were applied up

to engine maximum load capability. Engine load limit thresholds were typically

defined by audible alarms at the engine status panels. The results of both test

series are given in Figure 33. The light tow tests were engine load limited at

an engine speed of 1260 rpm. At this time ship speed was in excess of 13 knots

and a tow load of 16,000 pounds was developed. The engine load limit occurred at

1200 rpm under the heavy tow condition. In this instance a speed of 11 knots was

achieved under a tow load of 17,000 pounds.

The effects of both reduced and increased propeller pitch were investiga-

ted with the light tow configuration. A 10 percent pitch reduction resulted in a

loss in speed of 0.5 knots at 1200 engine rpm. Increased pitch yielded the same

ship speed and tow force as the normal pitch tests but at a reduction in engine

speed of 70 rpm.

RHS 200 Under Tow

The RHS 200 towing trials were conducted to determine its characteristics

while under tow. Two test configurations were used. In the first test series

both propeller shafts were free to rotate. In the second series the port propel--

ler shaft was locked through the use of a locking bar installed between the pro-

peller and the instrumented distance piece. The pitch of both propellers was set

to near zero during both test series.

The RHS 160 was used as the towing vessel and the load cell was installed

on its after deck between the hawser and deck mounted liftinq lugs. The data

system was maintained in place aboard the RHS 200. A voltmeter was used to moni-

tor load cell output during the tests and the results were manually recorded.

The bridqe display of engine speed aboard the RHS 160 was used to control the

tests. The ranqe of speed available was determined during a pre-test power run-

up. This information was used to define four test conditions 650, 700, 800, and
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900 rpm, to be set during the trials. The tests were conducted using orocedures

parallel to those used in towing of the RHS 160. The RHS 160 speed condition was

set, conditions were allowed to stabilize and the required data was taken.

The results of the RHS 200 under tow tests are given in Figure 34. The

tow force data were taken from the load cell output. .haft thrusts were as %ea-

sured from the RHS 200 installed instrumentation. The net drag curves, which

should be and are essentially equal for both test cases, were defined by combin-

inc the tow force and the negative shaft thrust data. There are inconsistencies

within either data set. Even at near zero propeller pitch settings, it was ex-

pected that the locked propeller would create drag forces which would be higher

than the negative thrust forces generated by the propeller free to rotate. The

starboard pro~eller should have generated the same negative thrust at the same

speed in ett'.er test series. Starboard propeller pitch was typically 4 percent

* in both test series. The differences are insignificant. During the tests with

the port shaft locked, starboard propeller rpm was between 270 to 400 rpm. In

the second test series the rotational speed of each shaft was essentially con-

stant, i.e., within 3 rpm of the noted averages. These shaft speeds are ex-

pressed in terms of propeller shaft instead of engine shaft rates as used else-

whore throughout this report. During the tests the engines were de-clutched and

at idle.

The trim of the RHS 200 varied between 0.6 to 0.9 degrees bow up during

the under tow tests. Attempts were made to use the 3AS Wo retrim the ship during

the tests at RHS I10 engine speeds of 800 rpm. The forward foil flaps were posi-

* tioned up and down by 10 degrees. Ship trim was adjusted by no more than 0.2

degrees in either case and the effect on tow force was minor at btst. The in-

creased trim test data are plotted at a ship speeds of 9.7 and 8.9 knots respec-

tively in the upper and lower sections of Figure 34.

ATTENDANT CHARACTERISTICS

Tactical Response

The tactical response tests included in the trials agenda were intended to

provide actual demonstration of the time required to qet the ship underway from a

"cold iron* condition in response to a simulated emergency. The tests could not
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be performed because the propulsion engines would he damaged if they were not

adequately warmed-up prior to any departure. The minimum time .:equired to qet

underway is dependent on the degree of engine damaqe which the operator is

willing to incur. In lieu of testing, the time and the procedures required to

get the ship underway in either a normal or an emergency situation were reviewed

with the Chief Engineer. The results of these discussions are summarized in

Table 12.

'"ABLE 12 - UNDERWAY RESPONSE TIMES

A. Normal Operation

1. Engine Warm-up to 450C: 1-2 Hours; 18 - 6 kW @ Heaters

2. Complete All Other Activity During Warm-Up

3. Underway: I min. at Idle for Reduction Gear Warm-Up

4. Foilborne: 1+ Hours From "Cold Iron"

B. Emergency Operation

1. Optimum Sequency or Simultaneous Activities:

5a. Check Fluid Levels

b. Start Generator

c. Circulate Pitch Control oil

d. Prime and Start Engines

e. Set and Confirm Plant Conitrol

Etimated Elapsed Time: 5 Min.

2. Underway: 10 Min. at Idle for Reduction Gear Warm-Up

3. Foilborne: 15 Min. From "Cold Iron"

Some Enqine Damaqe Will Result

Under normal operating conditions the enqineis are warmed up to a tempera-

ture of 45 0C prior to getting underway. 'Me ship is fitted with electrically-

powered water heaters which are used to preheat engine cooling water. The time

required to achieve starting temperatures is dependent on heater power levels.
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Under a 6 kW load the preheat cycle requires 2 hours. This interval can be re-

duced to 1 hour under a 18 kW load. All other activity relative to aligning the S

enqineering plant to operational statr. can be readily accomplished during the

engine warm-up cycle. Althouqh actual tines would be dependent on ambient condi-

tions at the start of the warm-up cycle, a minimum of 1 hour would he required

prior to getting the RHS 200 away from the dock under normal conditions. Ile RHS 0

200 does not have the capability for preheating the reduction gearbox lubrication

oil. once the ship is underway, 10 minutes of operation at idle power is requi-

red to bring the gearboxes to suitable operatinq temperatures prior to operatinq

hullborne at high power or to going foilborne. Approximately 1 hour and 10 minu-

tes would be required to achieve foilborne operation from the "cold iron" condi-

tion if engine and gearbox damage is to be avoided.

During its initial period of service the RHS 200 was operat.ed a3 a tourist

passenger ferry during the summer months on the Mediterranean Sea. The ship was

either underway or in an operational standby status between 0700 anrd 2100 hours.

In those situations sufficient heat wae; retained in the e,•qincew so that nIext day

warm-ups were not required.

The Chief Engineer of the RHS 200 was asked to outline the rime antd proce-

dures which would be required to qet the ship undterwdy i'i an em-.rqency situation

where potential damaqe to the enqines would have to be acc"pted. These activi-

ties are included in Section R of Table• 12. it was estimated that they coild h

completed within S minutes. In this case foilhorne oper.-ttiort. 'oid h.: rot within

fifteen minutes after receivinq the or,1i- to get aunderway. Tle oxtent )f enqicie

damaqe which might be incurred cotild not b- Yt•tmat.,d. Referra1 to the .iiqioio

manufacturer would be reouired before inc'udinq "cold :ron" oper.Ation as part of

any emergentcy procedure.

Allowances for the time requir'vI to ii:o'.,ct Ohore po-mr. iing)e up

lines, or perform other deck rolat-d at-tivity re-iu;rod for 7-ettinq lwderway have

not been includod in the proviou-4 rin 4tt.%ts Duritlic *,he :,i- ot -he

trials these ac tivitie!; wero~ routinniv 0-- Olrv sY~w h i's e...i" -

qui red to hring the eniern:plantit" o% t1- 1'1.e'r:m�- ;dif¶. 4

#_S
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Crash Stop Response

The crash stop capability of the RHS 200 was evaluated for the cases where

the ship was hullborne at 16 knots and foilhorne at 35 knots. Each test sequence

was completed twice. In the first sequence the Chief Engineer was requested to

stop the ship as rapidly as possible. In the second sequence it was requested

that the ship he brought to the full power astern condition. Althouqh the actual

conduct of the tests was straightfozward, they were performed in a manner which

made optimum use of the CP propellers. The initial conditions were set and, when

advised, the Chief Engineer maintained engine power settings and manually rever-

sed propeller pitch to stop the ship as rapidly as possible. Propeller pitch was

reduced from the normal ahead position, typically 65 to 70 percent hullborne and

90 percent foilborne, to the full asterin position in 3 to 4 seconds. As pitch

was initially reduced, engine speed increased with reduced load to typically 1600

rpm. Engine speed was subsequently lowered as the reverse propeller loads were

applitd. It is believed that this procedure allowed more rapid application of

full power astern than would have been available with fixed-pitch propulsion

systems.

The results of the tests are listed in Table 13. The data have been de-

veloped from workinq plots used in the analysis of the data. The data intervals

were initiated with the first indication of change in propeller pitch settings.

The speed sensor was not active to zero speed. In all cases it was necessary to

extrapolate speed versus elapsed time curves throuqh the zero speed point. The

deceleration of the ship quickly built-up to the nearly constant, avoraqe levels

noted in the table. As a result, the speed-time rolationship Van very tarly

linear and zero speed could be easily judqed. This point was also used to iden-

tify end points within distance vers"s time plots. In the review of the foil-

borne tests a speed of 20 knots Aas arbitrarily selected as the txm- when the

ship became hullborne.

The creQh reversal teosts yielded stopping distances which were sliqhtly

shorter than those which resulted fron the crash stop tests. Who., hul Dor'.. at

16 knots it is possible to stop the ship in le%;i than one ship 1.onrith. A little

more than three ship lenqthu are required to stop the ship from th'e 3' knot foil-

borne condition. The maximun load data marks peak astern power concltions.
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TABLE 13. CRASH STOP RESPONSE

CONDITION HULLBORN• FOILRORNE

Initial: Speed, knots 16.3 16.7* 34 34.7

Power 2550 2670 4100 4130

Enqine RPM 1150 1145 1455 1462

At 20 Knots: Time, sec 6.5 7.4

Distance, yds 98.8 96.4

Zero Speed: Time, sec 8.8 8.0 12.5 12.3

D r ,42.3 30 125.5 120.2

Average Acceleration, q -0.10 -0.11 -0.14 -0.15

Max Load: Speot,., knots 6.5 C.. 22 V8

Power, HP 332(0 3400 I 3550 3530

.:qi,•, RPM 1390 1394 o340 1390

." r • ,Lh:-225i-0 -24W)' -16. tip) -26, 7,1

Crash, as tern te•.s

*~ ~ ~ ýY~n of th~e R.S 2nO k-(v wak. A tr T- .Ln r '~-I

tr iý-ýart ecodqr ^-i A-ta

&or A ton'-'r: LI.I



ahead of the train, disrupted further measurement. water depth uider the sensors

was in excess of 30 feet. The measurinq point was approximately 200 feet of-

shore from a shallow-sloped, sand beach.

The tests were conducted by transiting past the shore station along cour-

ses parallel to the pier facility at offsets of 55 and 110 yards. The hullborne

tests were limited to nominal test speeds of 10 and 16 knots. Foilborne speeds

of 28 and 35 knots were used. Typical wave height traces obtained during these

tests are given in Figure 35. The hullborne data included in the fiqure repre-

sent the heaviest wakes measured during the test-,. In the 14 to 16 knot range,

bow wave height is at or above 2 feet and has a period of 2.7 seconds. Foilborne

wake was heaviest at the lower speed and was typically at or just below 2 feet.

The periods of the foilborne wake traces in the fiqure are slightly below 2.S

seconds. The 27 knot wave trace at 55 yards is less well-defined than that of

the 110 yard test. This is due to a deterioration of test conditions. The 55

yard foilborne tests were conducted late in the day when water conditions were

becoming choppy.

ioise Measurements

Interior and exterior RKS 200 sound level measurements were obtained dur-

ing the course of the trials. Broadband interior sour•d levels were recorded at

various locations throuqhout the ship durinq the coniduct of other trials. Theseo

data were obtained under both A and C weiqhtinq conditions. Rodr•qu*z er--onnel

recorded hroadside airborne noise levels for the RHS 200 from the shorci %tation

durinq the wake evaluation trials. The results of th', onboar:l ar"

listed in Table 14. No data were obtained for full jrwer o*-mratiqn dý" a-n 4,1

oversXtht. A-waighted accustic data implies proqrexs•vly hnavtor att.nt;4t~on

of the measured siqnal an frequencies fall helow 1000i•. C we.i7htod data is

relatively unattentuated. Siqnificant increases from A tn C wvqht1od no-r4d

:.vQls 1implies that much of the sound energy 1s below 6,OO ft.
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TABLE 14. AIRBORNE NOISE SURVEY RESULTS

LOCATION AND WEIGHT 10 Knots 16 Knots 28 Knots

1. Pilothouse A ',t 68 72 78

C Wgt 88 93 97

2. Main Deck A Wgt 70 73 78

Fwd Cabin C Wgt 88 96 100

3. Main Deck A Wgt 79 82 4

Stbd Passage C Wgt 93 103 104

4. Main Deck A Wgt 76 76 8.

Amidships C Wgt 93 100 104

5. Main Deck A Wgt j 72 75 79

Aft Cabin C Wgt 92 96 101

6. Lower Deck A Wgt J 71 71 80

ewd Cabin C Wqt 8P 94 99

7. Lower Deck A Wg t 72 76 82

Aft Cabin C Wgt fi9 96 101

*RMS dB Levels Relative to 20 Micro PasnEal

The datd o•l Taole 14 shoulA ý* addressed with caution. The RHS 200 4s

desiqned for -esqnger service and is normally well insulated and fully carpetel.

In aidition, a siqnif4cai.t degree of sound absorption is usually provided hy

passenqer furniture. The ship was not fully fitted out durinq these trials. All

of the passenger seats were removed frcm the lower deck cabins. Most of the

seatinq g:ad all of the carpetinq was removed from the main deck msa-senqer areas.

Halr-surf&cad. plastic ballasting drums were alfo located in all peasse'ge

areas.

1he most severe itnterior noi.s location was in the main de-;k starlxkirl

pas-sageway. This area is imaodiately adjacent t- the machinery space accos!

trunk. The door to the truTrk was held ajar to permit routinq of inutrumentation

system cablinq to the machinery space. Comparable measurements made et the port
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passageway immediately adjacent to the main deck restroom yielded A-weighted dB

(dB A) levels of 81 to 82. For evaluation purposes it is noted that Reference

(8) requires the use of ear protection at or above 84 dB A. The threshold limit

"for an 8 hour exposure is 85 dB A. It is expected that if all furnishings and

carpeting were installed on the RHS 200 in service all of the noise levels would

be at comfortable limits.

* Spectral definition of the exterior airborne noise measurements taken

during the wake evaluation tests is given in Figure 36. The microphone was set

up on one of the shore pier blocks and was situated where the peak noise values,

which occurred as the ship was directly broadside, could be recorded. The data

ire essentially broadband and are a measure of noise broadcast by the unsilenced

prnpulsion diesels. The engines exhaust outboard directly below the main deck

* amidships loading points which can be noted in Figure 2. The data of Figure 36

indicated that there is some reduction in noise with a reduction in power. The

reduction in sound level pressure between the 110 yard and the 55 yard data sets

4*s as expected. The differences are roughly proportional to the inverse square

law. At the time of the tests Rodriquez personnel noted that exhaust silencers

were fitted to some of their other hydrofoil ships in use in areas where noise

limitations were in effect.

Structural Vibrations

The trials *Qenda specified that the vertical components of structural

vibrations be measured at several different locations throughout the ship.

Broadband and peak accelerations and displacement velocities were to he measured.

All of the required data were obtained. However, Rodriquez used this opportunity

to obtain more definitive data samples which were processed using spectral

analysis. Copies of the spectral analysis results were provided to the DTNOSRDC-

HYSTtXET Trials Director. Although the spectral data did not cover as wide a

ranqe of ship speed cou:itions, and it was not obtained at as many locations aS

the broadband and peak data it is by far the most substartial of the data sets.

Consequently, none of the broadband or peak data have been included in thxs ro-

Port.
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The Rodriquez structural vibration data was obtained at the forward bulk-

head of the forward lowýr cabin, near the CG at the instrumentation sensor pack-

age installed on the main deck, and at the after bulkhead of the after lower

* cabin. The acceleration measurements were made in the vertical direction and

were taken at ferrous metal pads cemented to the deck as close as possible to

structural members. The lower forward cabin was considered to be one of the most

comfortable passenger areas. The main deck location was directly over the mach-

inery space. The lower deck after cabin location was, in the passenger sense, in

* the closest proximity to the aft foil and the propellers. Vibration data was

obtained at each of the positions at ship speeds of 16, 18 and 35 knots. Both

engines were operating at, or very close to, the same speed during the measure-

ments.

A samplinq of the vibration data provided by Rodriquez is given in Figures

37 through 40. The included data are typical of all of the spectrum generated.

As expected, the elements of the propulsion systems are the primary sources of

the structural vibrations throughout the ship. The fundamental and second har-

monics of the engine and propeller shafts and the propeller blades have been

listed and identified within the fiqures used in interpretation of the data. The

decibel scalinq is based on International Standards Organization (ISO) standards.

Under this system an acceleration level of 120 dB is roughly equal to 0.10q. 100

dB is b-, definition, approximately equal to 0.01g. "e acceleration of gravity

in the metric system if units is 980 cm/sec 2 . It is noted that the U.S. Navy

uses a different dB standard wherein an acceleration level of 120 dB is approxi-

mately equal to 1.09.

The upper cabin vibration data. qiven in Figures 37 and 38 provide a com-

parison of the differences to be found with changes in speed and in mode of oper-

at-ion. These data are also the moat severe of that experienced throuqhout the

ship. The spectral distributions can be evaluated from two points of view; the

operating condition of the propulsion plants or the effects of the vibration on

the human body. The use of the enclosed data for analyuia of the propu•iion

*• s�stem conditions would not be completely appropriate d'- to the fact that none _ -

of the measurements were taken directly on, or adjacent tn. elements of the ry"-

to%. In Ficure 37 the peak acceleration of 118 dD at 39 Hz, 2x enqine uha~ft

89

k .e0



4-4. W 1

it I

c *j

446U
ir Il

8P tOIJO3 - 1"- S4~

900



7-11

441
-ht* -

TF~f4I 1 -

cr

4j

LaS
c-.

8.4

0W 0ojaa fs Ii
914



.40

4-1

-. t-III II~jF -

i,~ L

c- I' t 4---. -

-J I r~-tIt

72r ..
0iI ' -

T-fL r 8 c

. L> L

cr.4 -.

8 j~

SP~~~~E'~ 0(WI 60 OIJ!

.........~rn 1492 ~



u0

itiin

0I T
0

- r 1

tU - 10
F !L1

UP UOW-i= - 10I-'I~

C., 9a



speed, is evidence of a sliqht misaliqnment of one or both of the output shafts

from the enqines. The level as measured on the main deck structure is within

industrial boundaries for normal operation. The question exists, however, regar-

dinq the level of vibration which may he present at the shaft bearing supports.

Tn terms- of 'human response, ISO Standard 2631-1978 on vibration exposure

criteria as quoted in Reference (9), places 118 dB at 39 Hz to be within the 2.5

to 4 hour Oreduced comfort boundary'. Figure 38 indicates that the second har-

monic of eagine shaft speed is reduced in level to 114 dB. At this hiqher test

speed its frequency is 49 Hz. With these changes the "reduced comfort boundary"

is expanded to 8 hours. The ISO comfort boundary increases rapidly in time with

increasinq frequency. There are no other peak accelerations within Figures 37

and 38 which fall within ISO included boundaries.

The increased passenger comfort available within the forward cabin on the

lower deck is clearly evident from the acceleration spectrum for 35 knots in

Figure 39. It is interesting to ncte the clear presence of both propeller shaft

and propeller blade rate frequencies in this data. All of these peaks are well

outside of a ISO 24 hour "reduced comfort boundary". The lower-deck, aft cabin

data for 35 knots included in Fig,,re 40 show the closer positioning to the

propellers. The 113 dB acceleration at blade rate frequency of 43 Hz is also at

the 8 hour comfort boundary. For information purposes it is noted that vibration

excitationa at propeller blade rate are mot likely the result of loading and

unloadinq of the individual blades with each rotatAon of the anqled shafts.

Blade rate excitations could also results fro& the flow field, or downwash, of

th- aft foil* entering into the propeiLer disc areas.

9
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ROUGH WATER PERFORMANCE EWALUATION

TEST CONDITIONS

Scope of Tests

A wide selection of rough water trials were planned in the RHS 200 perfor-

mance evaluation. As ig often the case, they could not be performed because of

limited rough water availability. After the completion of essentially all calm

water testing it was apparent that contract funding would expire before any rough

water tests could be performed if they were not initiated in a near time frame.

At this time Rodriquez proposed the interruption of the lease agreement until

such time that the testing could be undertaken. The proposal was accepted and a

standdown period which ultimately lasted for four days was entered. On 8 May

1982, rough water conditions ware reported both to the north and the south of the

Straits of Messina. & deployment to the south of the straits was made where "ea

conditions, visually estimated to be State 3, were found and testinq was initi-

ated. Later in the day, a transit was made to the north of the straits where,

aqain based on visual estimates, State 4 sea conditions were present and further

trials ware conducted. A second rough water trials deployment was made on 9 may

1982 when additional State 3 trials were conducted. It was found in later data

reduction that the lower sea conditions ware representative of hiqh State 3 to

low State 4. The hiqher seas ware determined to he equivalent to lower State 5.

Rouqh %ater matrix trials formed a major part of the trials completed. A

sketch defning the maneuvers used in the RNS 200 matrix trials is given in Figure

41. The tests are intended to provide definition of ship response to head, bow,

be&*, quarterinq and following sea encounters. The matrix is based on the assum-

ption that the port and starboard ship responses are equal. The tsts were ini-

tiated by operating into a head sea for a sufficient period to allow %peed to

settle out under constant power conditions. The power settinq% established at

that time ware maintained throughout the court* of the matrix. PAch loeq of the

catrix was continued for a finite period of time or until a minisma of 200 wave

encounters had ocurred. The time period usod in the hullborne tets was 10

minutoa. This was reduýed to S minutes in the foilborne "nts. In the intereost.

of consorvinq test time, the 180 deqree turn at the ond of test •equent 5, test
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segment 6, and the 360 degree turn of test segment 7 were eliminated from the

trials. Matrix segment 6 duplicated segment 1 and it was presumed that the 135

degree turns between the various matrix segments could provide adequate defini-
tion of normal rough water turning.

Hullborne and foilborne matrix trials were completed in State 3 seas.

Foilborne matrix trials were completed in lower State 5 seas. A test speed of 18

knots was set during the hullborne tests and 28 knots in the foilborne. The

* hullborne tests were performed with the SAS in the Manual mode. All of the foil-

*. borne matrix trials were performed with the SAS aligned to the Automatic mode and

were repeated with the SAS in the Manual mode. In the Automatic mode the SAS is

fully active in response to the sea. In the Manual mode the SAS is essentially

secured except that the Captain can position the flaps to adjust for mean roll,

pitch and heave attitudes if desired. The terms "GAS Active" and "SAS Secured"

are used to identify the SAS Automatic and Manual modes respectively in the

tigures included in this report. -

Two head sea takeoff tests were completed in State 5 seas during the first

day of rough water trials. During the second day of rough water testing head,

"bow, beam, miarterincr, and following sea takeoff tests were completed in State

3 seas. Dieudonne spiraL turns were attempted in the lower sea condition. These

testz were cancelled when it became apparent that they could not be performed

with adequate test control. That is, relative heading of the sea could not be

maintained through the sequence of differing rudder commands. It was later

demonstrated that rudder authority was maintained with 2 degree rudder commands

in both head and following State 3 sea conditions.

Sea Conditions

The ')TNSiDC-HYSTUDET wave height instrumentation installed on the bow of

the •:hip was used to measure the height of the seas encountered in the rough

* water trials. 'Me wave height data obtained during the head sea segments of the

foilbo-ne iiatrix trials with the SAS Active were analyzed to determine the sea

conditions present. The sea classifications were based solely on height. Manual

counte of at least 200 trough-to-peak wave heiqhts were used to construct the

heiqht histograms which are given in Figure 42. The histograms are uhown in
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compa:ison with theoretical Raleiqh distribution curves for some closely com-

parable sea conditions. The Raleigh distributions were computed based on signi-

ficant wave heights as compiled by Wilbur Marks of the then desiqnated David -

0
Taylor Model basir. The lower sea condition histogram contains too large e p;r-

centage of waves over 6 feet in height to be classed solely as high State 3 sea.

Conversely, the percentage content of waves up to 5 feet in height is too high to

permit a lower State 4 sea classification. A combined description of high State

3 to lower State 4 is appropriate. The wave height histogram for the high sea

condition tests shown in Figure 42 displays a distribution which closely approx-

imatec the theoretical distribution for a lower State 5 sea. The distribution

contains far too high a percentage of waves in the 2 to 6 foot height range to be - .

considered as a aigher sea condition. The average stationary froquency of the

head sea wave encounters which are included in Figure 42 were developed from

Br'tachneider spectrum analysis transforns which is presented in Reference (0.0).

The average and significant wave heights for the histograms of Figure 42

are compared with similar data obtained during the remainder ot the foilborne

matrix trials in Figurt; 43. 1h1.3 latter data wias also developed from manual

counts of wave height. They were prepared to establish that the same aea condi-

tions were present throughout each matrix. The range of average and significant

wave heights which are used to identify State 3, 4, and 5 seas in the Marks com-

pilation are incl';ded as right-hand ordinates in Urke figure. The test designa-

tions given in the figure are used here, and throughout the remainder of the

rouqh water discussions, to identify particular test series. They are defined as

follows?

Test Sea Condition SAS Alignment

17A Low 5 Automatic (Active)

17B Low 5 Manual (Secured)

17E High 3 Automatic (Active)

17F High 3 Manual (Secured)
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All of the 17A and 17B tests were conducted in low State 5 seas. There is indi

cation that the seas were slightly higher during the conduct of the 17B tests

with the SAS secured. This is possible since the seas were building throughout

"the day and the 17B tests were the last conducted. The large difference between

"* the wave heights reqistered during the starboard bow segments of tests 17A and

*. 17B were confirmed by review of both sets of data. ripper State 3 to lower State

4 conditions were present throughout the 17! and 17F tests. The numerals inclu--

"* ded along the abscissas of Figure 43 identify the test matrix segment and the

order of test.

The classification of sea conditions presented in Figures 42 and 43 is

believed to be conservative. As noted, wave height was measured using the in-

stalled wave height instrumentation system. In this equipment the output of a

vertical accelerometer, which is gyro stabilized in pitch and roll, is double

integrated to define vertical displacement of the ship above a still water level

reference plane. The accelerometer originally installed and calibrated in the

system was found to be inoperative after shipment to Messina. A second unit was

located and forwarded to the on-site trials team. This unit was installed into

* the wave height system and was used for the conduct of all rough water trials.

The outputs of the two accelerometers were expected to be closely comparable and

post-trial calibration tests were planned to provide minor redefinition of the

* oriqinal calibration data. The post-trial calibration tests yielded nignifi-

cantly different results. The initial wave height calibration factor was 4.35

feet per volt. The post-trial calibration factor was 5.65 feet per volt. The

oriqinal accelerometer was totally inoperative and the instrumentation section of

the wave height equipment had been throughly doused with sea water during the

trials. There were no means available to reconcile these differences. In the

opinion of the DTNSR)C-HYSTUDET Trials Director the use of the higher calibration

factor would identify sea conditions which were higher than those believed to be

present during the trials. For example, if the higher factors were msd the

lower seas encountered in the tests would be classed as hiqh 4 to low State 5 and

the higher seas encountered classed as middle to high State 5. The conservative

approach was selected and the lower calibration factor was used in the reduction

of the wave height dsta.
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Data Analysis Notes

Several approaches were used in the reduction of the rough water test

data. The analysis procedures used were somewhat dependent on the nature of the

. data. Rough water speed and powerinq data obtained during the trials were

-. reduced using procedures which closely paralleled those of the calm water tests.

A number of 20 to 30 second TDAS data intervals were taken along each segment of

each test matrix. The data of these intervals were processed exactly as the calm

water data. A final average was taken and used to represent the speed-power

conditions for a particular segment of a particular matrix trial. The rough

water takeoff trials data were also reduced in the same manner as the calm water - ..

trials. That is, the speed and power, time, and distance calculations were all

based on one second TDAS data intervals.

The reduction of the ship rough water motion and acceleration data was

approached on various frequency analysis bases. Eventually, all of the following

forms of analysis were used or were attempted.

a. Computer derived Power Spectural Density (PSD) plots were

generated for all of the rough water data except the speed

and power parameters.

b. Manually derived histograms were prepared for all of the

wave height and moat of the pitch and roll angle data.

c. A Fast Fourier Transform (FFT) digital Real Time Analyzer

(RTA) was used to provide normal, non-PSD, spectral analy-

sis of some of the pitch and roll data and most of the

accelerometer data.

Initially, all of the wave height, pitch and roll angle, yaw rate, flap

anqle and accelerometer data obtained durlnq the rouqh water trials were input to

a contractor computer facility for PSD analysis. PSD plots were generated for

each of these parameters, and mean values were also qenerated for each of the
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* above parameters during each leg of each matrix. Root Mean Square (RMS), stan-

dard deviation, and mean values were also generated for each of the above para-

meters at each test condition as a part of the PSD analysis. At this stage of

Sthe analysis it was planned t, use the PSD derived RMS values and the factors

given in Table 5.7 of Reference (9) to estimate the average one-third, or signi-
ficant, and one-tenth highest values of the various rough water parameters.

Satisfactory use of the RMS based estimates requires that the data approx-

imate Rayleigh statistical distribution. Strip charts were used to manually

define histograms of some of the wave height and pitch and roll angle data. RMS,

standard deviation, and mean values were also derived from the histogram data.

The wave height data did not. In addition, little agreement was found between

PSD and manually derived RKS values for either the wave height or the pitch and

roll angle data. Investigation into the source of the lack of numerical agree-

ment disclosed that the PSD plots were based on single spectra which typically

represented only 18 to 20 seconds of data. Wave encounter and ship roll and

pitch response frequencies were too low to be adequately defined by such brief

bursts of data. The computer used in the PSD analysis was niot programmed to

process and average consecutive spectra from a long term data stream. Repro-

gramminq could not be accomplished within existing time and budget constraints.

The PSD plots and accompanying data could not be used with confidence.

At this point, a decision was made to use manual procedures to define the

statistical characteristics of all of the wave height, pitch angle and roll angle

rough water data. The frequency of the sea and the response of the RHS 200 in

* pitch and roll was sufficiently low to permit accurate, albeit, tedious, manual

statistical counts of maximum and minimum values to be made.

A review of strip chart data traces for the seven accelerometers installed

7. throughout the ship indicated that ralatively high frequency responses were being

carried on top of the low frequency, direct sea response. Since the high fre-

quency data could not be processed manually, a Nicolet, Model 444b, digital RTA

was used in the analysis of the state 5 sea accelerometer data. It was decided

to use an upper frequency limit of 10 ft in the analysis of this data. This

limit was judged high enough to capture the higher frequency response data and

low enough to avoid inclusion of acceleration components which miqht result from
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the propulsion systems. The RTA analysis is based on 400 line elements. The

frequency selection provided an equivalent 0.4 Hz filter bandwidth. The selec-

tion of a 10 Hz frequency limit also establishes a relatively slow RTA sampling

rate. On the average, 8 consecutive spectra were obtained and averaged from the

Sdata recorded during any leg of the matrix trials. Data playback errors, which

increased with repeated playbacks, prevented continuous analysis in many cases

and negatively influenced the number of spectra which could be taken. It was

determined during the analysis that RTA %-fined standard deviation values could

be repeated within 90 percent or better if more than 5 to 6 spectra were aver-

aged. The level of repeatability would have been improved if data intervals, --

linger than the 5 minutes used in the trials, would have been available.

Numerous playback errors occurred in most of the accelerometer data

recorded during the state 3 sea trials. The discrepancies were sufficient to

prevent input of this data to the RTA. The limited value, PSD study results were

used in its presentation within this report.

The RTA was not used in the analysis of the wave height, pitch and roll

angle data. The Model 444b RTA was designed for primary use in the analysis of

acoustic and vibration signatures and determines data standard deviations taken u•

about a mean value. The mean value is typically zero in acoustic and vibration

applications and it is not processed by the RTA. Non-zero mean values can be

expected in the case of ship motions while operating in a seaway.

A casual approach to the use of the term *RMS Value" was noted during the

development of the PSD data and the RTA analysis results. A lack of specific

definition can lead to misinterpretation of the data when non-zero mean values

exist. For reference purposes it is noted that all of the rough water data in

this report has been developed and is presented in accordance with the standard

statistical expression:

(RMS)2 - (Standard Deviation) 2 ÷ (Mean Value)2
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ROUGH WATER SHIP PERFORMANCE

Hullborne Speed and Power -

Hullborne speed and powering data for the RHS 200 in State 3 seas is given

* " in Figure 44. The mean speed of the tests was slightly below 19 knots. Corre-

sponding calm water powering data are identified by the indicators positicned

* * along the ordinates within the figure. These calm water data have been defined

through extrapolation of the faired data curves of Figure 7. There is essen-

tially no difference between the calm water and the State 3 hullborne spoed and

power requirements. The relatively minor effects which result from changes in

relative heading of the sea are as should be expected. Engine speed and power

levels were maintained constant as required throughout the test matrix. The

increased drag associated with a head sea operation resulted in a loss in ship

speed. Speed apparently was gained with a following State 3 sea. The similar

slope present in the range data is largely due to the change in speed. At

reduced speed of advance and constant engine speed some increase in propeller .

thrust should theoretically occur. It should also be accompanied by an increase

in power when rpm is constant.

Rouqh Water Takeoffs

Power, time and distance data for the rough water takeoff trials performed

in State 3 neas are given in Figure 45. Two separate takeoffs were performed at

Seach relative sea heading during the tests. There were no significant differ-

ences between the various pairs of data. The application of power did not differ

to a noticeable degree between any of the five takeoffs included in the figure.

in terms of time required to takeoff there are no appreciable differences within

the data. The two separate curves included in the lower section of Figure 45

encompass the time related results of all the tests. The lover curve Which con-

forms to the quartering sea takeoff, defines a 10 to 20 knot time interval which

a I second less, 8 seconds as opposed to 9, than that denoted by the curve for

the head sea data. Ship acceleration immediately above 29 knots is the same for

all headings. The distance indicators included in the figure relate to the head
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sea takeoff data. These results are compared with calm water takeoff character-

istics in later discussion.

Test data for one of the two head sea takeeffs which were performed in

State 5 seas are given in Fiqure 46. At first insuction the data appear to be

very similar to that presented for other takeoff tests. The comparison of calm

and rough water takeoff performances qiven in Figure 47 indicates that during the

State 5 takeoff higher power levels were maintained while in the 10 to 17 knot

speed ranqe and that lower maximum power setting was used. The impact, if any,

which these differences may have had on takeoft performance can be interpreted

from the time versus speed curves in the lower section of Figure 47. The curves 0

have all been vertically adjusted to a common 5 second time point at 10 knots.

As nhould be expected, the calm water takeoffs require less time but, the time

required to complete the rough water takeoffs is not appreciably greater. No

difference could be found between the State 3 and 5 takeoffs in the 10 to 20 knot

speed reqime. It is possible that the increased power levels which were applied

at lower speed may t*e obscurinq differences due to sea. In the higher speed

relion there is no diffdrence between the State 3 and 5 takeoff times regardless

of the fhct that less power was applied 4rX the highar sea test. The data pre-

sented show that the sea conditions encountered during these tests did not ad-

vezsely effect RHS 200 takeoff performance to a significant degree.

Poilborne Speed and Power

Poilhorne speed and powering characteristics for the PUS 200 in State 3

seas are qiven in Figure 48. The da.a were obtained during the matrix trials

conducted with the SAS aligned to the Automatic mode. The data obtained during

the same Last* with the SAS in the Manual mode were reduced but have not been

presented because they did not differ from the given data. The foilborne -tat* 3

tests were performed at an averaqe ship speed of approximately 33 knots. The

data are compared with heavy ahip calm water test data at the sane speed taken

from Figure 7. There is no appreciable difference between foilborne operation in

calm water and in State 3 seas.

The speed and powerinq characteristicst of the ship in State 5 seas are

qiven in Figure 49. The test* with the SAS active were perfcrme-i at an average
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speed of 31 knots. The power requirement in these tests were between 8 and 18

percent hiqher than calm water levels. Higher power levels were required in the

tests with the SAS secured. These tests were at an averaqe s3peed of 29.6 knots-

and, accordinq to Figure 43, were perforaed under higher sea conditions. The

combination of these factors resulted in power increased of 17 to 31 percent in

comparison to the 29.6 knot calm water requirement. The thrust data trends of

Fiqure 49 are consistent with the power data.

The effect of State 5 sea operation on foilborne range are given in Figure

50. Ship range capability is adversely effected by decreases in speed and in-

creases in power. Consequently, the differences due to sea are more pronounced

* when ship range is considered. The averaqe range reduction is 17 percent for

* operation with the SAS active and is at 28 percent with the SAS secured.

•The limits of RHS 200 foilborne operational capability in a following sea

* were reached durinq the State 5 seas matrix trials which were performed with the

SAS in the Manual mode. During the latter stages of this trial segment the ship

was no lonqer foilborne and the engines were operating at overload conditions as

indicated by alarms at the Enqineer's station. The matrix trials were terminated

at this time. The hiqh power levels recorded durinq the beam sea operation with-

out the SAS and durinq the following sea test with the SAS indicate that the ship

was, at these times, nearer to an operational limit than was realized at the time

of the trials.

Rouqih Water Trninq

During the rough water trials the turns required between the successive

matrix seqments were executed at the discretion of the Captain of the ship. The

data acquisition system was on-line during these maneuvers and the data recorded

has been reduced for use in the absence of other information. The results are

summarized in Table 15. During the State 5 trials port rudder commands averaging

over 16 deqrees were typically used. The resultinq turn rates were generally

slightly less than 2 deqrees per second to the port. These rates, at these com-

mands are in close agreement with port turning characteristics defined in the

spiral turns of Figure 22. The SAS is not used to control ship turning there-

for* the fact that there is no difference between the State 3 turns with and

without the SAS should be expected.
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UBLB 15 - FOILBORNE ROUGH WAT TURNING

SAS ACTIVE SAS SECURED

RidDER TURN RUDDER TURN

CHANGE IN POSITION RATE POSITION RATE

RELATIVE SEA HFADING DEGREES DEG/SEC DEGREES DEG/SEC

State 3 Sea Tests:

From Head to Stbd Quarter -16.8 -1.85 -16.2 -1.88

From Stbd Quarter to Port Beam -16.5 -1.45 -14.5 -1.35

From Port Beam to Stbd Bow -17.0 -1.93 -15.0 -1.932

From Stbd Bow to Following -17.8 -1.75 -18.4 -2.08

State 5 Sea Tests-,

From Head to Stbd Quarter -14.3 -1.77 -10.0 -1.26

From Stbd Quarter to Port Beam -11.4 -1,39 8.03 -0.73

* From Port Beam to Stbd Bow -11.4 -1.53 -11.74 -1,17

. From Stbd Bow to Following -11.0 -1.35 -11.14 -1.29

Notes:

1. The test matrix used in the trials only included turns to port.

2. The helm was advanced relatively slowly over 13 to 15 seconds instead of
normal advancement in 3 to 5 seconds.

3. The rudder position was frequently adjusted between 2 to Ii degrees left
during the turn. The value given is a time weighted average.

4. The SAS Wa• dtive during these turns.
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In the initial State 5 tests with the SAS active a rudder command of ap-

proximately 15 degrees was used to turn from the head sea to th6 starboard quar- .

terinq sea conditions. 1he turn rate achieved was comparable with calm water

turningT capability. In all subsequent turns within this matrix the Captain

elected to use a nominal 10 degree port rudder command. The turn rates which

resulted are also compatible with calm water turning capability. During the *0

* tests with the SAS in the Manual mode, the first turn, from a head to starboard

"* •quarterinq sea, was made without difficulty with 10 degrees of rudder. Increased

difficulty was encountered in the next turn when moving to the port beam sea

condition. Durinq this turn it was necessary to frequently ease the helm as the

ship was brought around to the beam sea. In performing both of the remaining

* turns in this trials matrix the Captain of the RHS 200 elected to use the SAS

Automatic mode. With the SAS active it was possible to hold rudder positions

which were nominally 10 deqrees port. The turn rates which resulted were lower

than previous. It has been noted that the seas were building as the day progres-

sed. The increase in sea could be reflected in the reduced turn rates.

ROUGH WATER RESPONSE CHARACTERISTICS

Relatively larqe quantities of information were generated in the analysis

of the RHS 200 rouqh water motions and accelerations. Since much of the informa-

tion supports, but does not hear directly on the presentation of the main

results, itz immediate inclusion has been postponed. The principal results of

the rough water motion and acceleration data are discussed in the following sec-

tions. The bulk of the supportive information is included under the third

followinq section without substantial discussion.

"Pitch and Roll Notions

The RHS 200 rough water pitch and ro1l r otions are presented o~n the hasis

of siqnific•nt excursions fro mvaan values. Thqey were derived by first develop-

ing a histoor-am containinq at least 400 peak value excursions. Mean, standard

deviation, and RMS values were computed from the data and the siqnificant, i.e.,

averaqe of the one-third highest, and the averaqe one-tenth hiqhest values about
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the mean were also determined. The miqnificant values are used in these discus-

" sions as representative of the ship motions. The modifio.r "siqnificant' is to be

implied in the use of the terms "pitch" and "roll" in 7he following dL.cussions.

Tables 16 throuqh 19, in the Supportive Information section, contain listings of

the numerical data derived from the histoviLams.

The pitch and roll angle experienced by the RHS 200 -during the State 3

hullhorne matrix trials are given in Figure 51. The SAS was in the Manual modr.

durinq these tests and they were not repeated with the SAS in the Automatic mode.

It was expected that the flaps would not exert sufficient authority at low speed

to influence the ride quality of the ship. During these tests the mean value of

ship pitch anqle was approximately 1.0 degrees. The response of the ship in

"pitch was reasonably well damped, the significant pitch angle excursions were

typically 1.0 degrees about the mean. The mean values of roll angle were on the

order of 0.2 degrees. Roll was very well damped in the head and the starboard

bow seas. The relatively large increase in roll angles in the beam, quartering

and following sea cases results from a low frequency swell which was encountered

in the tests. T7e swell was not noticed at that time but was clearly evident in

data playback. Despite this condition none of the angles in Figure 51 represent

severe conditions. The foil systems are providing high degrees of dampening.

The pitch motions which resulted with foilborne operation in the State 3

and S matrix tests are given in Figure 52. 1hese tests were conducted with the

SAS active and secured. In the State 3 sea pitch angle varied between 0.5 to 1.0

deqrees, the SAS had little effect on the excursions. In State 5 sea operation

the SAS provided a nominal 60 percent reduction in the significant values of

pitch angle. Further numerical data relative to these plots is also qiven in

Tables 16 through 19. Data traces of wave heiqht and pitch angle versus time for

the head and followinq sea tests are given in Figures 58 throuqh 61 in the Sup-

portive Information Section. Samples of the flap deflections which were utilized

in the State 3 and 5 head and following seas are given in Figures 62 and 63 of

that section.

The roll motions encountered during the foilborne State 3 and 5 matrix

trials are summarized in Figure 53. The surface-piercinq foil systems of the RiS

200 offer a very high degree of stabilization. The siqnificant values of roll
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angle of 3 to 3.5 deqrees which occurred with the SAS secured are quite small

given the seas encountered. The SAS had the capability to reduce these angles by

approximately 60 percent in the State 3 sea and 40 percent in' State 5. The

reversed position of the followinq sea data points in State 5 seas was confirmed

"* in review of both sets of data. As noted earlier the ship failed to remain foil-

borne in the followinq State 5 sea tests with the SAS secured. The impact which

the potential difference in test conditions may have on these last results is not

known. Other numerical data pertinent to the roll test data are also included in

Tables 16 through 19. Data traces of roll angle and wave height versus time

during the State 3 and 5 beam sea conditions are qiven in Figures 64 and 65 in

the Supportive Information Section.

The SAS was working to its full capacity during most of the State 5 matrix

tests. During the port beam, starboard bow, and the following sea segments of

this matrix the port and starboard flaps were fully deflected trailing edge down

for extended periods of time.

Acceleration Amplitudes

During the State 3 and 5 trials vertical and lateral accelerations ware

recordeid near the center of the lower forward cabin, under the bridge console in

the pilothouse, and on the main deck, both near the CG and in the after section

of the cal n. Surge accelerations ware also recorded at the CG location. The

data are preiented as standard deviation values. The statistical 2.Ox and 2.55x

factors which can normally be used to estimate one-third and one-tenth highest

averaqe values from the standard deviation have not been applied in this report.

This approach was considered inappropriate in this case where the shape of the

test data distributions wvi not known.

The standard deviatio,,a in the lateral and ve-tical accelorations recorded

near the CG of the RHS 200 during the State 3 and 5 trials are given in Figure

54. The data compare foilborne opezation with and without SAS control. As dis-

cuwsed earlier, the State 5 sea data ire derived from RTA data analysis. They

are the averaqe of 8 separate spectra takon over a three-minute interval. The

State 3 sea data were derived throuqh PSD analysis of a sinqle spectra. The two

sets of results are comparable in terms of overall levels. None of the data in
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the figure display trends which would indicate that the SAS has appreciable

effect on the measured accelerations. In the State 3 tests the lateral and ver-

tical accelerations are essentially equal for all cases except for the head and

bow sea co,iditions. in the higher sea state the vertical accelerations were

noticeahly higher than the lateral. Tabular listings of the State 5 sea standard

deviation data included in Figure 54 is given in Table 20 of the Supportive In-

formation Section. A listing of all of the PSD derived acceleration data is

given in Tables 21 through 26 of that section.

The surge accelerations recorded at the CG instrumentation packaqe during

the matrix trials are qiven in Figure 55. Again, the effect of the SAS is not

clearly evident. The overall levels of the surge accelerations are much less

than the lateral or vertical in State 3 seas. In State 5 seas the surge acceler-

ation levels are more influenced by relative heading of the sea. They approach

lateral and vertical acceleration levels in quartering and following sea condi-

tions.

During normal operation of the RHS 200 the pilothouse is the only crew-

manned operational station. The standard deviations of the vertical and lateral

accelerations measured beneath the hridqe console during the matrix trials are

plotted in Figure 56. The State 3 seas lateral accelerations are approximately

50 percent qreater than those recorded at the CG. The vertical accelerations in

this sea are nearly double the values measured at the CG. In State 5 seas both

the lateral and the vertical accelerations at the pilothouse are also nearly

douhle those recorded at the CG. The sea state S bow and bean sea data indicate

a reduction of approximately 25 percent in vertical acceleration levels with the

use of the SAS. Data traces of lateral accelerations recorded on the hridge

durinq beam State 5 seas operations are given in Fiqure 66 in the Supportive

Information Sction. Spectral distributions of the lateral and vertical acCeletr-

ations at the pilothouse in head and beam State % aaa4 are qiv*n in Fxqureu 67

through 70 of tbat section.

The orst case accelerationg recorded during the State 5 trials are plot-

tsd in 0 'lque 57. The nost everoe lateral accelerationa occurrd in the aft

lowr ndaaenqer cabin h*Nre tho average ;tandar4 eviation in accoleratior, wag

3.12g. '7%tm st severe vrtical acc"erations were recorded in the forward lower
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cabin. The maximum standard deviation was 0.22g. T1he SAS did not provide numer-

ically significant improvement in these cases.

During the conduct of the State 5 sea matrix trials the ride was such that

it was no longer possible to manually log information while standing at the chart

table. Notes could be recorded while seated if the 'lipboard was held to the

. body. The Instrumentation Engineer recorded the same observation at the data

* station in the after section of the main deck cabin. In the physical sense there -

was a pronounced improvement in ride quality with the SAS in the Automatic mode.

-i It is considered surprising that this improvement is not more clearly evident in

* the recorded data. A walk-through all of the passenger areas of the RHO 200 was

made at this time. The transit was made single-handedly, without difficulty,

* using installed hand rails. A single-hand hold was required while standing. The

pilothouse was judged to be the most physically comfortable locaiton. This

judgement was influtenced by reduced noise, better visibility, and position which

was located above the sea. Only one encounter with sea sickness was noted. The

individual concerned was able to fully resume his duties after only a brief res-

pite.

Supportive Information

The data presented in this section was largely developed during the analy-

sis of the rough water data. It may be of general or specific interests depend-

inq on the needs of the reader. Discussion of the material is primarily limited

to its introduction.

Data traces of wave height and ship pitch Aurinq State 3 and 5 head and

following seas are given in Figures 57 through 60. The test condition from which

the traces were obtained and the starting time of the Interval are identified in

each data trace. The traces typically compare operation with the SAS in the

A•utomatic mode and in the Manual mode. It was evident in the review of such data

that individual ship responses were very dependent on the immediate wave train.

Typical flap motions recorded under head and following State 3 and 5 sea

test conditions are qiven in Figures 61 and 62. A positive flap deflection de-

notes the flap trailing edge down, increased lift, condition. A reduced lift

flap deflection bias is present in most of the data of these figures. The source
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of the bias is unknown( it may result fIrom trim adjustments input on the SAS

Control Panel.

- Roll response da~a traces for operation in State 3 and 5 beam sea* arot

qiven in Fiqures 63 and 64. The effectiveness of the SAS in State 3 seas is

clearly evident. In State 5 seas the flaps did not have sufficient authority to

limit ship roll under the influence of the larger, lower frequency waves.

Typical forward cabin and pilothouse accelerometer traces in State 5 seas

* are given in Figure 65. The distinctive stepped pattern within the data is due

to the digital sampling rate, 20 samples per second, used with these measurands

in the data acquisition system.

Typical spectra derived from RTA analysis of the pilothouse lateral and

vertical accelerations are given in Figures 66 through 69. Each plot is the

* average of 8 separate spectra taken with an upper frequency cutoff of 10 Hz. The

repeatability of such analysis is demonstrated by a comparison of test 17A1 data

qiven in Figures 67 and 69. Both of these spectra were taken over the same data

interval under identical analysis commands. The source of the acceleration peaks

at 4.75 and 5.45 Hz noted in these and other plots has not been identified.

Tables 16 through 29 list the principal numerical results obtained in

analysis of the manual histograms for wave height, pitch angle, and roll angle

during the rough water tests. PSD derived functions of yaw rate during the mat-

* rix trials is included in Tables 16 and 17. This latter information has not been

considered beyond this listing due to the magnitude of the yaw rate correction

discussed in the section on Data Reduction.

A numerical summary of the Standard deviations in acceleration derived

through RTA analysis is given in Table 20. The summary results of all of the

data submitted to PSD analysis is given in Tables 21 through 24.
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TABLE 16 - OUGH UT2R NOTIONS -NEWl AMPLITUDES

* .WAVE PITCH ROLL YAW*
HEIGHT ANGLE ANGLE RATE

Fbilborne in State 3 Sea: SAS Active
17.1 Head Sea 1.799 2.112 -1.463 0.289

*17e4 Stbd Bow 1.782 2.170 -1.782 0.254
17e3 Port Beam 1.530 1.947 -0.120 0.445
17.2 Stbd Qtr 1.641 2.166 -1.275 0.469

*17e5 Following 1.746 2.108 -0.789 0.309

*Foilborne In State 3 Sea: SAS Secured
*17Vf1%Had Sea 1.705 2.325 -2.315 0.091

17f4 Stbd Bow 1.914 2.390 -2.640 0.253
*1703 Port Beam 1.598 2.456 -2.014 0.199

17f2 Stbd Qtr 1.402 2.189 -2.039 0.267
*17f5 Following 1.667 2.326 -1.162 0.213

P oilborne In State 5 Sea: SIS Active
17a1 Head Sea 2.767 1.892 -1.393 0.249-
17a4 Stbd Bow 2.333 2.218 -1.510 0.184
17a3 Port Beam 3.103 1.948 0.297 0.245

*17&2- Stbd Qtr 2.445 2.014 -1.447 0.314
*17a5 Following 2.555 2.289 -0.273 0.290

Foilborne In State 5 Sea: SMS Active
17b1 Head Sea 2.674 2.230 -0.790 0.193
17b4 Stbd Bow 3.501 2.215 -1.570 0.213
17b3 Port Beam 3.493 2.143 0.817 0.278

*17b2 Stbd Qtr 2.441 2.278 -0.836 0.210
*17b5 Following 2.854 2.476 -0.552 0.248

Ruliborne In State 3 Seat SAS Secured
15b1 Head Sea 1.376 1.708 -1.918 0.217
15b4 Stbd Bow 1.610* 1.713 -3.015 0.248
:Sb3 Port Beam 1.198* 1.661 0.731 0.146
15b2 Stbd Qtr 1.251* 1.468 -2.110 0.223
15b5 Following 1.269* 2.055 -1.551 0.248

DIW For Sea Kindliness
Initial Head Sea 1.716 0.935 -2.114

*Derived from Power Spectural Density analysis
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TABLE 17 - ROOGE WATER N3TIOR - STANDAR DEVIATIONS IN AKPLITUDE

WAVE PITCH ROLL YAW*
HEIGHT ANGLE ANGLE RATE

Foilborne In State 3 Sea: SAS Active
17e1 Head Sea 1.839 0.311 0.511 0.560
17e4 Stbd Bow 2.135 0.339 0.559 0.553
17e3 Port Beam 1.975 0.589 1.342 0.779
17e2 Stbd Qtr 2.025 0.519 1.326 0.916 0
17e5 Following 2.159 0.532 0.842 0.753

Foilborne In State 3 Sea: SAS Secured
17f1 Head Sea 1.627 0.309 0.774 0.458
17f4 Stbd Bow 2.293 0.424 0.983 0.565
17f3 Port Beam 1.947 0.659 1.339 0.806
17f2 Stbd Qtr 1.712 0.573 1.966 0.525
17f5 Following 2.041 0.773 1.616 0.650

Foilborne In State 5 Sea: SAS Active
17al Head Sea 2.702 0.345 0.702 1.161

* 17a4 Stbd Bow 2.763 0.573 1.750 1.185 0

17a3 Port Beam 3.661 0.664 1.707 0.973
17a2 Stbd Qtr 2.918 0.666 1.375 0.815
17a5 Following 3.191 1.021 1.842 1.020

Foilborne In State 5 Sea: SAS Secured
17bi Head Sea Z.266 0.644 1.343 0.803
17b4 Stbd Bow 4.112 0.954 2.205 0.880
17b3 Port Beam 4.075 0.874 2.353 1.078
17b2 Stbd Qtr 3.041 1.184 1.830 0.728
17b5 Following 3.555 1.529 1.356 0.930

Hullborne In State 3 Sea: SAS Secured
15bl Head Sea 1.475 0.562 0.451 0.471
15b4 Stbd Bow 1.726* 0.594 0.629 0.468
15b3 Port Beam 1.285* 0.774 2.333 0.589

15b2 Stbd Qtr 1.341* 0.409 1.834 0.606
15b5 Pollowing 1.360* 0.971 1.779 0.677

DIW For Sea Kindliness
Initial Head Sea 1.622 .758 1.273

*Derived frcm Power Spectural Density analysis
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TABLE 18i- lam VMTR 3OTON8 - SXGIIFICANT AUPLITUDES

WAVE PITCH ROLL
HEIGHT ANGLE ANGLE

Foilborne In State 3 Sea: SAS Active
17el Head Sea 2.848 0.465 0.747
17e4 Stbd Bow 3.116 0.496 0.827
17e3 Port Beam 2.667 0.858 2.027
17e2 Stbd Qtr 2.987 0.779 1.960
17e5 Following 3.186 0.783 1.237

Foilborne In State 3 Sea: SAS Secured
17f1 Head Sea 2.600 0.458 1.169
17f4 Stbd Bow 3.344 0.656 1.455
17f3 Port Beam 2.886 0.912 2.009
17f2 Stbd Qtr 2.498 0.851 2.993
17f5 Following 2.998 1.158 2.447

SFoilborne In State 5 Sea: SAS Active
17ai Head Sea 4.382 0.503 1.033

* 17a4 Stbd Bow 4.205 0.847 2.615
17a3 Port Beam 5.091 0.987 2.597
17a2 Stbd Qtr 4.278 0.981 2.095
17a5 Following 4.829 1.546 3.053

Foilborne In State 5 Sea: SAS Secured
17b1 Head Sea 4.583 0.941 1.995
17b4 Stbd Bow 6.204 1.394 3.292
17b3 Port Beam 5.867 1.285 3.50
17b2 Stbd Qtr 4.610 1.764 2.713
17b5 Following 5.265 2.306 2.099

Hullborne In State 3 Sea: SAS Secured -
15bl Head Sea 2.229 0.860 0.656
15b4 Stbd Bow 2.609 0.870 0.939
15b3 Port Beam 1.941 1.170 3.396
15b2 Stbd Qtr 2.026 0.614 2.714
15b5 Following 2.056 1.409 2.721

DIW For Sea Kindliness
Initial Head Sea 2.642 1.106 1.873

I-
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TABLE 19 - NOOGE WATZ NOTIONS - ONE-TEIfi RIGHEST AMPLITUDES

WAVE PITCH ROLL ....
HEIGHT ANGLE ANGLE

Foilborne In State 3 Sea: SAS Active
17el Head Sea 3.665 0.583 0.997
17e4 Stbd Bow 4.132 0.606 1.081
17e3 Port Beam 3.895 1.115 2.725 -

17e2 Stbd Qtr 4.017 1.045 2.582 0
17e.5 Following 4.328 1.146 1.667

Foilborne In State 3 Sea: SAS Secured
17fi Head Sea 3.219 0.579 1.728
17f4 Stbd Bow 4.426 0.909 1.956
17f3 Port Beam 3.867 1.235 2.570 0
17f2 Stbd Qtr 3.449 1.161 3.957
17f5 Following 4.186 1.577 3.275

Foilborne In State 5 Sea: SAS Active
17al Head Sea 5.415 0.666 1.438

* 17a4 Stbd Bow 5.382 1.160 3.750 S
17a3 Port Beam 6.575 1.350 3.441
17a2 Stbd Qtr 5.517 1.400 2.913
17a5 Following 6.459 2.034 3.502

Foilborne In State 5 Sea: SAS Secured
17bl Head Sea 6.015 1.221 2.750
17b4 Stbd Bow 7.982 1.699 4.109
17b3 Port Beam 7.972 1.788 4.940
17b2 Stbd Qtr 6.000 2.336 3.943
17b5 Following 7.317 3.020 2.967

Hullborne In State 3 Sea: SAS Secured
15bl Head Sea 2.827 1.161 0.850
15b4 Stbd Bow 3.309 1.143 1.288
15b3 Port Beam 2.462 1.588 4.300
15b2 Stbd Qtr 2.570 0.824 3.200
15b5 Following 2.607 1.930 3.661

DIW For Sea Kindliness
Initial Head Sea 3.240 1.370 2.390

-.5
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TABLE 21 - PO DERIVED MM WATER NOTIONS AMPLITUDES
SANDARD MVIATION AWLUES

WAVE PITCH ROLL YAW*
HEIGHT ANGLE ANGLE RATE

Foilborne In State 3 Sea: ShS Active
17e. Head Sea 2.094 0.240 0.467 0.560
17e4 Stbd Bow 2.046 0.257 0.520 0.553
17e3 Port Beam 2.120 0.526 1.286 0.779 -

17e2 Stb1 Qtr 2.339 0.522 1.391 0.916
17e5 Following 2.212 0.494 0.765 0.753

Foilborne In State 3 Sea: SAS Secured
17fi Head Sea 1.939 0.260 0.792 0.458
I7f4 Stbd Bow 2.033 0.322 1.145 0.565
17f3 Port Beam 2.097 0.612 2.212 0.806
17f2 Stbd Qtr 1.831 0.504 1.973 0.625
17f5 Following 2.308 0.713 1.444 0.650

Foilborne In State 5 Saa: SAS Active
17a1 Head Sea 3.167 0.594 1.993 1.161
17a4 Stbd Bow 2.994 0.495 1.914 1.185
17a3 Port Beam 3.440 0.599 1.854 0.973
17a2 Stbd Qtr 2.912 0.617 1.461 0.815
17a5 Following 3.602 1.046 1.687 1.020

Foilborne In State 5 Sea: SAS Secured
17bi Read Sea 3.359 0.497 1.663 0.803
17b4 Stbd Bow 4.461 0.780 2.044 0.880
17b3 Port Beam 3.915 1.078 4.593 1.078
17b2 Stbd Qtr 3.301 1.154 1.647 0.728
17b5 Following 5.371 1.605 2.674 0.930

Hullborne In State 3 Sea: SAS Secured
15bi Read Sea 1.812 0.429 0.418 0.471
15b4 Stbd Bow 2.121 0.485 0.598 0.468
15b3 Port Beam 1.578 0,813 2.245 0.589
15b2 Stbd Qtr 1.647 0.418 1.936 0.606
15b5 Following 1.671 1.197 1.869 0.677

DIW For Sea Kindliness
Initial Head Sea 2.066 0.621 1.324
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TABLE 22 - P8 ODIXVED UGH VWTU IOTZON AMPLITUDES
Im•

WAVE PITCH ROLL. YAW*

HEIGHT ANGLE ANGLE RATE 0

Foilborne In State 3 Sea: SAS Active
17el Head Sea 1.834 2.095 -1.385 0.807
17e4 Stbd Bow 1.532 2.173 -1.651 0.772
17e3 Port Beam 1.549 1.937 0.265 0.963
17e2 Stbd Qtr 1.465 2.138 -1.113 0.987 .
17e5 Folloming 1.770 2.150 -0.573 0.827

Foilborne In State 3 Sea: SAS Secured
17fl Head Sea 1.679 2.334 -2.120 0.609
17f4 Stbd Bow 1.489 2.228 -1.790 0.771
17f3 Port Beam 1.805 2.401 -0.158 0.717
17f2 Stbd Qtr 1.632 2.420 -2.765 0.785
17f5 Following 1.541 2.361 -1.055 0.731

Foilborne In State 5 Sea: SAS Active
17al Head Sea 1.547 1.944 -1.121 0.767
17a4 Stbd Bow 1.666 1.985 -1.099 0.702
17a3 Port Beam 1.530 1.903 0.660 0.763
17a2 Stbd Qtr 1.603 2.309 -2.650 0.832
17a5 Following 1.549 2.386 -0.185 0.808

Foilborne In State 5 Sea: SAS Secured
17bi Head Sea 1.434 2.259 -0.986 0.711
17b4 Stbd Bow 1.460 2.205 -0.993 0.731
17b3 Port Beam 1.349 2.090 -0.753 0.796
17b2 Stbd Qtr 1.789 2.197 -1.773 0.728
17b5 Following 1.527 2.471 -1.332 0.766

Hullborne In State 3 Sea: SAS Secured 0

15bi Head Sea 0.967 1.740 -2.167 0.735
15b4 Stbd Bow 1,163 1.513 -2.256 0.766
15b3 Port Beam 1.104 1.708 -0.777 0.664
15b2 Stbd Qtr 1.010 1.859 -3.138 0.741
15b5 Following 1.245 2.471 -1.332 0.766

DIW For Sea Kindliness
Initial Read Sea 1.057 0.949 -2.501
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TABLX 23 - PD DURZVED YOM UT 1R FAP DU ICTOUS
STANDARD DEVIATZON AND MN VRALOl

FLAP DEFLECTIONS 0

PORT STBD PORT STBD
FWD FT AFT

Poilborne In State 3 Sea: SAS Active
17ei Head Sea -4.851 1.030 -3.197 -1.827 0
17e4 Stbd Bow -4.920 1.319 -3.348 -1.916
17e3 Port Beam 1.189 -3.989 -1.4Z, -3.741
17e2 Stbd Qtr -2.267 -0.828 -2.470 -2.460
17.5 Following -3.980 0.303 -2.973 -2.403

Foilborne In State 5 Sea: SAS Active
17a1 Head Sea -2.888 -0.822 -3.316 -3.121
17a2 Stbd Qtr -3.465 -1.589 -2.806 -2.769
17a3 Port Beam * * 0.137 -3.253
17a4 Stbd Bow , -4.067 -0.765
17a5 Following * * 1.569 0.211

Poilborne In State 3 Sea: SAS Active
17el Head Sea 3.299 2.026 1.710 2.052
17e4 Stbd Bow 2.670 3.028 2.254 1.813
17e3 Port Beam 5.035 4.597 2.393 1.947
17e2 Stbd Qtr 5.032 4.600 2.653 1.881
17e5 Following 4.278 3.504 2.266 2.226 S

Poilborne In State 5 Sea: SAS Active
17a1 Head Sea 4.044 3.946 3.066 2.686
17a2 Stbd Qtr 5.707 5.474 4.041 3.322
17a3 Port Beam * 3.646 4.954
17a4 Stbd Bow * * 4.146 3.202
17a5 Following * a 5.162 4.686

*Flaps were fully deflected over intervals whose duration precluded analysis

149

S | 9



C;0 0 00 0

-J~ 9.

6- 004 0 0ý

C~ 9. Of' ,

0 0 000 00

0% 'm C) 0 Im N)

, 9 ii 9
-of

e4 ow 0 N

o0 0 0 0 r; 0 0

C.,C

40

%IY A A

0000 0 0 000O



-m .ý A W% 6M *4 f4 . 4 * * 4

C; *0 00 0000 0000cC; C; 0 00000 C C

-c -

IV, f4 on-

-f C -4- - --.-.

a: lb~ F.% N4 O Ol

0 c 420 i ) 0 100CD0 C;oooo '

14 W% .0 so~

-O Ok w%%0 0 cc0%0

cc0 00 00:0 0

) %^ I t 0

Im m 0o 00000 0aI 30000 00000C C

4 NO% .0 0 . 4 I cPW &.lp !, *

0- 0 -0--a9

10100100 00000 001000 0m00cl00

%a41 'l 8 Z 'C
0m 0 000m0 0 C0 000 -00

.-. 7 9
C; 00 0 0000 0000CD100 00 0

0 00 0 0 a0 0 8;C0SID0
000n00 C00I0C00 0000 0 0 000C

40 -

le R



0.N E%
0000 00 00009C!9

c .
0N C?'Q.. .0 C;

0. 4 CO.

0-0 00~ 00- 090 00900

49 ~ ~~~ . 40 r4 .4. %00,clc r V4 C rcr C.IIc j 00000
C-4 4 ftt4 4 f04 e C4 44' V4I%%N

cc I - a - -p - 0 - ^
1 O c c f4c 0000-00 % 4 , C4P

ac N0 C4 -cr

-a c 61 C? ? 6 0 3 000 -0 88cCC
C? 0 0 ' 0 0 0 00C 1 0 010l

f0o0 00000 000 8 0 0

00 0 CEoo IsOO 8 1 0gOp

0'. 9 1 . 0 .J0

S04 0 C; C;0 a ; n 0~- C -

WC as to-~0'
~ F- 4 I. F- .. D

000 00000 C~

0 0 0 00 0 C0(0 0 0
It - 1



GENERAL EVALUATION

ADDITIONAL ENGINEERING F'ACTORS

In addition to the operational characteristics and performance parameters

evaluated in the Performance Evalustion Section, data were collected on hotel

load, -4ýatertiqht integrity and moment to heel or trim. Several hydrostatic char-

acteristics of the M-600 version of this ship are shown in Figures 71 through 74.

Table 27 supports these figures.

Hotel Load

The hotel load of the RHS 200 was evaluated to be:

1. Electric

a. Normal 50kVA

h. Air Conditioning 5OkVA

c. Total OOkVA

2. Hydraulic (Max) 17kW

The load requirements fcr the military version, M-600, have not been esta-

blished. It is expected however, that the hydraulic load will not undergo a

significant change. The normal. electric load would most likely be higher due to

more electronics such as a fire control system and sophisticated navigation .

equipment. This increased heat output would require a greater air conditioning

load but the reduced requirement for passenger comfort might offset this in-

crease.

Watercirht Integrity

The vessel tested ia only a prototype of the proposed RHS 200 and the

counterpart military craft, the M-600. The structure is not the same as that

intended in production vessels. In particular, the subdivision below the second -

deck has been revised. Floodable length calculations were performed based upon

the proposed production RHS 200 desiqi,. Inde.ofndent calculation confirmu the

accuracy of the floodable length information supplied by the builder. F.Camina-

tion of the Floodable Length Curve, Figure 77, revealg that the two-compartment _

standard is not met in the 95% permeability case. If a lower permeability is
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justified, the standard could be met. See *Acceptability Under USCG Require-

ments" in the Ferry Evaluation Section for a discussion of the adequacy of the

ship's floodable length.

In the case of this particular vessel, each water tight bulkhead was exa-

mined from at least one side as a sample of the quality of construction. Bulk-

head penetrations are kept to a minimum and are properly sealed. Bulkheads were

constructed as shown on the drawings. No deficiencies such as skewed stiffeners -

were found. There were no apparent cracks or other faults found in the visual

inspection. No hydrostatic tests were conducted.

Moment to Reel or Trim

At a displacement of 134 tons the following moments apply:

1. Moment to trim one inch - 24.75 ft.-tons

2. Moment to heel one inch - 4.37 ft.-tons

These values are independent of the Center of Gravity. The Vertical Cen-

ter of Gravity of the RHS 200 SUPERJUJMBO was determined by an inclining experi-

ment on 14 January 1981 by the Registro Italiano Navale (RINA).

1. Displacement (liqht, 100 tons)

2. Vertical Center of Gravity (above baseline) - 6.1 feet

3, IP-ngitudinal Center of Gravity (forward of AP) - 44.3 feet

OPERATIONAL PARAMETERS

Operations Equipment Arranqement

The comments below refer to the equipment layout on the RHS 200 and are in

direct comparison with similar equipment on a WPB. Comments are included to

siqnify known variations in the M-600 versiont

1. The following equipment is easier or more convenient to

use:

a. Helmsman's chair can be adjusted to allow the helmsman

to sit or stand without changing location. The chair

provides support to the helmsman while is he standing.
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* b. Magivation table

C. Ships intercom and PA system

d, Flag storage

2. Thi followinq equipment is more difficult or less convenient to use:

a. Helm and throttle controls are separated and require

two men to operate.

b. VHF-FM radio communication equipment is difficult to

reach.

c. Ship speed indicator. The ship speed is determined by

a pressure transducer on a strut. The pressure level

is transmitted to the bridge and converted to a speed

readout on the speed indicator dial. This method is

not very precise and is not used on U.S. hydrofoils.

An electromaqnetic speed log is preferred.

d. There is no anemometer installed on the RHS 200. The

14-600 should he required to have this piece of equip-

ment.

3. The following represents a positive factor in operational equipment

arranqement. There are opening, tinted side windows and adjustable

sun screens on the forward facing windows for the helmsman.

Visibility From the Deckhouse

The RHS 200 provicee excellent visibility from the pilothouse. The only

obstructions are at each stern quarter due to style/fashion plates. Figure 75

shows a representation of the visibility based upon an assumed eye level of 5

feet 6 inch above the deck. Visibility on the G-600 would he restricted aft and

on the quarters.

Pierside, offshore, Fog Naviqation and Night Operations

An analysis of a vessel's operational capability is enhanced by the inclu-

sion of these subject areas.

160

v--o

m9



S•'• , 'un • ,-,," - --- ' J" EYE
" ". .. **. *.*.*. ."" '" "* . ." *** **.....*" **" ".." "u.* " "w " " '""e w " '.. "... ..... ....

2'.4" J

SIGHT LIUNE -i

FORWARD

4 12'-3"- ... . _•_"o_,,
* .............. ......... ......S . ...e ..*..,.*.@ **********.... ""'"'*''"'""'" EYE

LEVEL

I

SIGHT ..NE

PORT SIDE (STBD SIMILAR)

* ..... .... . . • "* ..... .... . " - E Y E . . ...

LEVEL

SIGHT LUNE

A"T

ft/ulm TS. Pilot IOW VlasIhity rres C "ptai Cia ir

161 S



Pierside operation of the RIIS 200 and M-600 version is somewhat more

difficult than the WPB. The fixed, surface-piercing foil system dictates that

the vessel be moored alongside adequate fenders or camel systems to ensure that

the protruding struts/foils are not damaged by the pier. Consequently, boarding

and loading operations are more ditficult because of the increased distance from

pier to ship. With reduced maneuverability at slow speeds, the RHS 200 dockinq

procedures are more difficult. There were no difficulties foreseen with shore

power connections.

Operation offshore will he discussed in greater detail in the sections on

mission support capability; observed and subjective. Radar and navigation equip-

ment were assessed to be easier to use than those of a WPB. Limited space and

weiqht constraints reduce the capacity for underway replenishment gear. Vessel

boarding and alongside operation are more difficult due to the extended foil

system. The aft foil guarda are suspended above the surface and a small craft

could be damaqed if caught underneath durinq a roll. The freeboard is a good

height for boarding. Tmproved ship board motion at sea reduced crew fatigue.

¶he RHS 200 was not operated in fog or at night. However, high speed

foilhorne operation would he seriously lt.mited in either of these cases. In some

locations, special vision aids are required of commercial operators running high

speed vessels at night.

DWCK EQ4IPMRW4E ARRANGEMENT AND OPERATION

The comments below relate primarily to the RHS 200. Differences asso--

-iated with the M--600 are noted. Deck equipment consists primarily of qeneric

items such as anchorinq qear, capstans and hbtts, the ships boat, etc. The M-600

may include other items inherent in a military mission.

Deck Faulpaent Arranqement

The deck equipment arranqement on the RNS 200 offered no particular diffi-

cultite% in operation or maintenance. While the hull woo considered much ea'ier

to maintain than the hull of a WPH and the deck equipment maintonance norwol, it

was iudqed that the deck and bitts wero more difficult to maintain. None of the
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equipment jeopardized the safety of operation. hnchorinq equipment layout con-

trihuted to improved safety. Lack of hand rails poaed a safety problem for some

deck work but this problem can be rectified on future vessels.

Temperature ranges throughout the trials were moderate and did not contri-

bute to any dbck equipment failures. Extreme temperatures may offset some per-

formance but only in a way that would be expected.

Motion, vibration and noise did not cause any difficulties to deck opera-

tions. However, hiqh winds speeds over the deck while foilborne did make deck

operations more difficult.

Anchorinq

Anchoring was conducted in calm water. It was routine and very efficient;

easier than on a WPB. There were no safety problems. There is no risk of damage

to the ship, including the foils. The RHS 200 rides well at anchor. The chief

reason for ease of operation is that the anchor rides in a bullnose at the bow

"ready for "letting go". The RHS 200 is frequently "Ned Moored", requiring ease

in anchorinq. The capstan and anchor windlass were adequate.

Boat Launching Capability

The RHS 200 is not equipped with 4 true ship's boat. Life saving

equipment consists of ten (10) twenty-five (25) pw,,senger life rrfts and one (1)

fifteen (15) person life raft. During the ti-a of the trials, these life rafts

were being fitted with hydraulic releases. A %mall boat powered by a 2 HP eiagine

was installed diorinq the trials. No davit is arovided and therefore boat

launchinq and recovery ware not observed. It is apparent that the necessary

small boat equipment could he installed on the #-600 and that, due to the reduced

motion. launching and recovery operati- sa %-.)uld be easier than on a WPH.

ENGIN*EERING KUrP.E'r ARANGEMENT?

The RHS 200 and the 14-600 have unaanneo enqgie rooms. Enqineers enter the

engine room only for starting and stoWpinq ih* ,nqines and for paric.t- inspec-

tion. Constant manning of the mac;inery is r: required due to the excellent

reliability of the propulsion plant.
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The CP propellers could be converted to fixed pitch depending on the mis-

sion requirements. This would result in lower cost, loss weight, and better

efficiency at some speeds.
0

The machinery and their arrangement caused no problems with ship safety or

maintenance. engines and other machinery were easier to work on than on a WPB.

Equipment outside the engine room was about as easy to maintain as on a WPB.

Motions and vibration caused no special problems for the engineers. The engine

room was noisier than on a WPB and good hearing protection is required.

Temperature caused no special problems. The WTU 16V652 engines have an

exhaust temperature limit of 650 degrees C (1202 degrees F). This is quite high

and was carefully monitored. It was sometimes necessary to reduce speed in a

turn or seaway to maintain the exhaust temperature below this limit. The trials

were conducted only in moderate ambient temperatures. Operations in extreme

temperatures could result in difficulties. High temperatures for example, could

result in reduced power and speed.

RELIABILITY AM MAINTAINABILITY

Reliability

As tested, the RHS 200 exhibited extremely high reliability. Not one

corrective maintenance action was required during the trials period. The relia-

bility of these hydrofoils is achieved by careful attention to design and selec-

tion of components and conduct of planned maintenance. The observation of a

corrective action on a failure that had occurred before the trials period, the

ease of trials equipment installation, and the conduct of planned maintenance

indicate that this boat is easy to maintain.

Observed operational Reliability, Maintainability and Availability

As indicated above, the operational availability of the RUS 200 was 100%

during th* trials period. Operational and maintenance cost data are presented in

Table 28, as supplied by Rodriques, for typical passenger operation. In

164

*0

L •6S



addition, Rodriquez Uas provided operational critiques from several companies

employing Rodriquez hydrofoils in passenger service, Table 29. All of tile

reports indicate successful operations with Rod.iLquez hydrofoils. 0

TABU 26* OPEATIW AND M AUITUAN COST EMTIATE

FUEL USE * 299 qal/hr * a speed of 35 knots

67 gal/hr 0 a speed of 10 knots

Useable fuel in tonnes - 5.16 (approx. $1.00/gal)

OIL USE 5 kg/hr (Approx. $1.00/qt)

MAINTENANC• $75-$125 per Hour of Operation (low estimate)

CREW COST Subject to great variations from area to area

Italian crew requirements and cost

I Master $ 3OK/year

I Chief Engineer 30K/year

I Engineer 25K/year

3 Deck Hands 20K/year each

1 Deck Boy 15K/year

3 Attendants 15K/year each

$ 20SK/year

" Induces both propulsion and auxiliary systems.
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TAM 29. RIG..IG.. Or PASSr .. S..VIC. .. . ..ILIT.
PANTAXR'NABILITY AND AVAIWLAMZTY PUt RMPOWD7'" '-VPANY

1. Red Funnel Group; Southampton, lngland 0

o RHS 70 Hydrofoil

o 1,290,262 passengers since 1974

o 51,617 trips totaling 557,500 miles

o 1,026 trips list in six years. Two-thirds due to heavy weather, 0

one-third due to mechanical difficulties.

2. Condar, Ltd; Guernsey, England

o PT 50, RHS 140, RHS 160 Hydrofoil

"O 142,000 miles in 1979 '0

o 18 days lost to weather (2.2%)1 2 days lost to mechanical failures

(.24%)

3. A/S Dampskebsselskabetresund; Scandinavia

o 5 Rodriquez Hydrofoils S

o 700,000 passengers per year

o 10 000 tripe per year

o 97-98% technical reqularity: 99% weather regularity

o 8000-9000 hours between major overhaul on enqines •

4. Honq Kong Macao Hydrofoil Companyi Hong Konq

o RHS 140 Hydrofoils

o 17,000,000 passengers in 16.5 years of operation

o 18.940 trips and 719.720 miles -

o 97-98% operational reliability

S. Han Ryeo Development Co., Ltd; Seoul, South Xorea

o Rodriques Hydrofoil

o 9 years of service •

0 1,000.000 passenqers and 70,999 miles

0 13% downtime due to weather or breakdowns

6. Urban "ransit Authority: Viev South wales. Australia

o S Rodrique• Hydrofoils

o 18,900,000 passenqers in 15 yearw of service

o 15.600 round trips

o 2% breakdovn
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ABILITY TO SUPPORT MISSIONS

Observed Mission Support Capability

An important aspect of the RAC 200 performance trials was to project how

* capable t;ie military version, M-600, would be in supporting various military

irissions. These mission support factors are described below.

Water Washdown. A vrater washdown system could be installed aboard the ship to

wash down the entire main deck and deckhougse. No special equipment securing

would he necessary.

Firefighting. The RHS 200, being constructed of aluminum, is restricted in it

ability to approach a fire. Although it could use a fire monitor, if installed,

it cannot get as closed to a fire as a cc 'entional steel ship. A s4 andard fire

fighting system could be installed,

Damage Stability. This ship is designed to conform to a one compartment damage

stability standard. In addition, the second deck is the bulkhead deck for most

of the ship's length, which limits the ship's reserve buoyancy. Therefore It is

subject to reduced damage , .ity compared to a conventional WPB.

Cargo Capacity. This ship is suited for large volume cargo Xut is weiqbt lim-

ited, making it less suitable for heavy csr .s. Cargo loading is complicated by

the distance that the ship must stand off from the pier due to the protruding

foils. With proper facilities, this problem can be easily overcome.

Oceanoqraphic and Similar Work. The RHS 200 could he used to conduct oceano-

qraphic work provided that the weight of the handling gear is not excessive and

that the ship structure is suitable. With the exception of the hazard posed by

the foils, the handling of eauimibnt over the side is similar to that on a WPB.

Underway Replenishment. The limited space and weight allowance available for

replenishment gear are the only limitations on underway replenishment cap-

ability.

Helicopter Operations. Although the M-600 is advertised with a fl- ht deck for

very small helicopters, it is too small to operate helicopters of a practical

size for the U.S. Coast 'uard. The U.S. Navy has performed stulies in which a

* helicopter flight deck for a LAMPS III (SH-60B) was included on a 196 foot long

hydrofoil. A flight deck suited to USCG helicopters could probably be included
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on a 164 foot hydrofoil, depending upon other installed equipment. There are no

unique hazards to either on-deck or in-flight refuelinq of helicopters on the RHS

200. The U.S. Navy has demonstrated in-flight refueling on its hydrofoils.

Swimmer Support. There are no special hazards to puttinq swimmers in the water

associated with the RHS 200.

Shore Tie Connections. Conventional shore tie connections can be used.

Sonar. A small, hull-mounted sonar could be installed on the M-600. However, --

the hull form would restrict it to a location vc.y near the fixed, forward foils

or further aft. In either case, flow noise from the foils over the sensor would

tend to reduce the effectiveness of the sonar. A towed sonar could be installed.

However, the weight and space restrictions associated with small vessels would

apply. Current towed sensors would be limited to hullborne speeds.

Special Sensors. The RHS 200 and M-600 do not require special sensors or related

equipments.

Submersible Support. An underwater communication system could be installed on

the M-600. A small, two-man submersible could be carried, launched into the

water, and recovedred. However, this would require that adejuate space be made

availabl.e for the submersible and its handling gear, that their weight not be too

qreat or cause trim problems, and that the ship structure be designed for such

loads.

Subjective Mission Support Capability

The subjective comments on mission support were provided by Lt. Peter

Boyd, USCG, who has operational experience with WPB craft.

Naviqation. The speed of the RHS 200 is such that a plot cannot be kept using

existinq equipment. A real-time plot, such as the Decca Loran-C plotter is nec-

essary. The Navy has developed the Hiqh-Speed Collision Avoidance and Navigation

Systems (HICANS) usinq elements of the USCG COMDAC. This is specifically suited

to the needs of hiqh-sp~ed ships operating in congested waters.

Communications. Standard communications equipment can be used with this ship.

Vessel Boardinq. Cominq alongside another vessel and boarding it would be diffi-

cult due to the surface-piercinq foils extending beyond the deck edge. The aft

foil quards extend beyond the sides like wings. A small boat could be caught
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tunder one of these and damaged in a roll. However, the craft freeboard is just

about right for boarding alongside.

Underway Replenishment. As discussed above, this is not expected to be a pro-

blem.

Swimmer Suport. As discussed above, swimmer support capabilities are accept-

able,

Helicopter Support. This is discussed in detail above.

Mooring. The submerged foils extending beyond the main deck require more care in

mooring and unmooring the ship.

Loading. No particular difficulties in loading were experienced. However, this

is somewhat more difficult than on a WPB due to the greater space between pier S

and vessel.

Pollution Cleanup Support. Pollution equipment deployment was not observed.

However, the M-600 could be an effective means of transporting pollution equip-

ment to an oil-spill scene.

Submersible Support. This is discussed above.

General Utility. The RHS 200 is faster (36 knot max speed), and provides a ride

better than that of a WPB. It also accelerates and decelerates rapidly. In

addition to its good foilborne ride, its low speed ride improved due to the sub-

merged foils. Its fuel consumption is relatively high (250 gal/hr. at 34 knots).

It also has a very large turning diameter at foilborne speeds. The RHS 200 was

not fitted wxt1: qunwales or rails, making retrieval of a swimmer or victim more

difficult than on a WPB. However, the M-600 is designed with line rails, improv-

inq this situation.

Subjective Seakeeping

Trial procedures called for filling out a Subjective Seakeeping Character-

istics questionnaires by the crew of the RHS 200. The only comments available

for analysis are from one individual, a Coast Guard representative. Areas sub-

jectively analyzed included:

All-Weather Capability. Rough weather operation was not observed. Based on calm

water operations, it was concluded that the RHS 200 would perform as well as, if

not better than, a WPB in various weather situations.
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Susceptibility to Icing. This area was not observed.

Spray Problems. Deck wetting caused by spray did not present a problem. It was

concluded that the visibility from this vessel was better than that from a WPB.

* Motion Sickness Problems. Due to improved ride control in the RHS 200, motion

sickness probability is decreased.

SDeadhead Susceptibility. Due to the fixed surface-piercinq foil system, the

vessel's susceptibility to damage from deadheads is increased.

* .Survivability

When foilborne, the RHS 200 is less susceptible to damage by undArwater

explosion by the fact that the wetted hull area is greatly reduced. The foil-

borne speed of the vessel also contributes to this feature. Decreased maneuver-

ability while foilborne, however would tend to increase the vessel's suscept-

ability to damage incurred on the surface. Submerged appendaqes may contribute

to increased susceptibility to underwater explosive damage.

Vie light weight construction lends itself to increased susceptibility

over a WPB. Overall, the survivability of the RHS 200 is enhanced by having the

optiorn to be hullborne or foilborne depending on existing conditions.

Interoperability and Loqistics

In general, the interoperability and logistics features of this vessel are

similar to those of a WPB. Fuel is readily available and fueling operations are

about the same as on a WPB. The protruding foils and draft impose special con-

siderations for piers discussed earlier.

Joint operations with helicopters were not observed. However, compared to

the WPE, the higher speed of the RHS 200 may contribute to better control of the

Shelicopter while hovering over a vessel. Also, the relatively large size of the

M-600 can contribute to improving the helicopter pilot's vision of the ship. The

steadiness of the M-600 can contribute to easier in-flight refueling or lifting

of a person or equipment from the ship's deck. Joint searches are also expected

to be easier due to the ship's speed.
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Although combined operations with other Coast Guard vessels were not oh-

served, they are expected to be about the same as on a WPB. Refueling or replen-

ishment alongside another vessel is expected to be somewhat more difficult than

on a WPB because of the protruding foils. Underway replenishment is addressed

above. Passing or receiving a tow line is expected to be similar to that on a

WPB. High speed towing of the M-600 may be possible.

Special craining is required in high speed handling and high speed naviga-

tion. Local coast familiarization is also very important.

Habitability

The commercial passenger ferry, RHS 200, was tested. The commeiits in this

section illustrate how a WPB could perform based upon the RHS 200 experience and

the M-600 drawings. Therefore, they are somewhat conjectural.

Overall Habitability. Although some elements of habitability are not outstan-

ding, the relatively comfortable motions of the RHS 200/M-600 contribute to

habitability better than that of a WPB.

Facilities. Based on a review of the M-600 drawings, the berthing, messing, and

sanitary facilities seem fair; roughly comparable to those on a WPB.

Each of the officers have private staterooms. Chiers are located in

double staterooms with two-hiqh bunks. Seamen are located in a common berthing/

messing area in bunks two and three high. The common berthinq/messing area seems

undesirable. In addition, this area is located below the Breda 40 mm twin gun.

Sanitary facilities for the seamen are inadequate; with one shower, three

lavatories, and two waterclosets for 16 seamen.

Noise Level. The RHS 200 was mildly noisy throughout. This would he true on the

M-600. The noise level would probably not affect one's ability to work but would

he likely to affect his ability to sleep.

Ventilation and Air Conditioning. The RHS 200 was very poorly ventilated with

both diesel fumes and exhaust finding their way into passenger spaces. These

conditions can increase discomfort and quicken seasickness. In addition, the

combat system electronics would increase the load on an already inadequate air

conditioning system. This item would require considerable attention before using

this vessel in a military version.
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Motion. The reduced roll and pitch when hullborne and the reduced motion when

foilborne compared to a WPB, would probably contribute to a better ability to

work and sleep.

Vibration. Althouqh vibrations were not severe in the pilothouse, they were

quite had in some locations and were qreater than on a WPB. They could be ex-

* pected to result in reduced work efficiency and ability to sleep.

One consequence of severe vibration and ship motion was great difficulty

in printinq legibly in both the upper and lower salons. This condition was worse

in the foilborne mode.

SECONDARY VARIALBLES

The secondary variables listed below were not specifically analyzed.

. Insulation and other cold weather protection

4 Equipment vulnerability and protection from the elements

* Safety hazards

* Euipment arranqements not shown on plans

* Fire protection/equipment installed

C02/Halon system

sprinklers

location of vital cables

location of watertight doors

location of switches and fire pump

* Ventilation system

heating

heated windows

0 Navigation equipment installed

* Boom capacity

* Dewatering gear installed

* Installed generator capacity

0 Installed evaporator capacity

* Auxiliary engines installed (fans, etc.)
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FERRY SERVICE EVALUATION

PASSENGR AND BAGGAGE CAPACITY

Passengers are supplied with individual row seats similar to those found

on commercial passenger aircraft. No differentiation in seating class is ma'e.

All seats are arranged with a 33.5 inch pitch. Seats are 27.6 inches long.

The number of seats between aisles varies significantly. Some seats are

individual. Most seats are arranged so that the passenger is in a seat which Is

no further than three seats from the aisle (counting his seat). A set of seats

in the aft, lower salon, are arranged so that passengers are four seats from the

aisle. Some seats in each lower salon are arranged facing aft.

The seats tested on the SUPERJUMBO were special seats used for promotional

purposes and long voyages. They were similar to those on aircraft with folding

tables, reclining capability, and deluxe seat covers. The seats for production

boats on short routes would be significantly simpler for a weight savings of

* 11.25 pounds per seat or 2610 pounds for the ship. These would not have the

folding table. Their reclining capability would be restricted and their seat

covers would be simpler.

The RHS 200 SUPERJUMBO capacity is as follows:

Passengers

Upper Salon 108

Lower Forward Salon 66

Lower Aft Salon 58

232

Baggage 803 ft. 3

Bagqage is stowed in two areas aft in the upper salon. These areas are

for the baggage of all passengers and are on either side of the after entryway.

Four heads are provided. Two are in the upper salon, port and starboard

sides, and one located in each of the lower salons.

A bar is located in the lower forward salon. it has a sink, refrigerator,

storaqe, and hotplate. Together with its access, it occupies a space of 476.4

ft. 3 with a deck area of 65.6 ft. 2.
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PASSENGER ACCESSIBILITY

The RHS 200 SUPERJUMBO has been reviewed with respect to ANSI A117.1-1980

"Specifications for Makinq Buil.dings and Facilities Accessible To and Usable by

Physically Handicapped People* (Reference 13). The vessel is clearly not designed

for people in wheelchairs and could he made so only with considerable redesign,

associated expense and loss of capacity. No particular uncorrectable difficul-

ties for visually handicapped or hearing impaired people are apparent. Specific .0

problem areas are described below. Section numbers refer to sections in the

reference standard.

Wheelchairs

Entry. The aft and side entry doors provide about 47 inches clear opening. This

is sufficient for entry by a wheelchair (S4.2.s). However, each door is fitted

with ý, 6 1/4 inch hiqh coaming. Several people would be required to lift the

wheals over the coaminq. Special ramps could he provided but these would be0
areater than 5 feet long (ANSI section 4.8). In the case of the side doors, each

ramp would extend nearly to the ship center line. Portable coamings would pro-

bably not receive the approval of the requlatory bodies and would, in any event,

Sresult in increased loadinq and unloading times. The coamings must be included

due to the potential for shipping water into the cabin and down to the lower

salons.

Interior Movement. The movement of people in wheelchairs within the RHS 200 is

severely restricted. The lower salons are essentially not accessible because ofd --
the stairways to those areas.

Any wheelchair-user entering throuqh the aft door can only pass to the

railing aft of the aft stairway. The passage beyond this is only one-half as

wlde as necessary.

Passenqers enterincq throuqh the side entries are restricted to the area

between the stairs to the lower aitlons. Stanchions are located approximately 1.8

feet off the centerline at fr :irne 49. However, sufficient clearance is available

to permit movement of wheelchairs around these obstacles. Access in this central

location is from side to side.
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The positioninq of wheelchairs in these areas is severely restricted.

Wheelchairs in these locations could restrict the movement of passenqers tIhough

the ship, particularly in an emergency situation.

Location of one row of wheelchairs in the aisle associated with the aft

entry would he in a space only 51 inches wide. 64 inches is required for com-

fortable flow, 60 inches for restricted flow, and 48 inches is the minimum allow-

able (see section A4.2 of the ANSI standard). In addition, access to rows on the

side would he blocked. This makes this area unacceptable for wheelchairs, given

emergency usa of this exit.

Usinq similar criteria for acceptable passaqe, an estimated five (5) wheel

chairs could he located in the central. area of the upper salon. This is the

maximum number of spaces which could be safely devoted to wheelchairs (ignoring

the coaminq difficulty mentioned above). Use of entry ramps mentioned above, if

permanently installed, would eliminate two of these spaces. Additional wheel-

chair locations could be provided by removinq other seats.

Securing of Wheelchairs. At present, no provision is made for securing wheel-

chairs and their passengers. Securing of wheelchair passengers is absolutely

necessary because of the motions exhibited by this vessel in normal and emergency

operations. The securing devices used for this purpose could be adapted from

similar devices used on subway rail cars.

Use of Heads. Heads in the lower salons are not accessible because of the rea-

sonu described above. 'The sinqle head located in the upper salon is not acces-

sible (Section 4.22.1 of ANSI standard). Its door is only 18 1/8 inches wide.

The space is only 47 inches by 29 3/4 inches large (see Section 4.22.3 of ANSI

standard). the toilet and lavatory do not meet the standards of sections 4.16

and 4.19 of the ANSI standard. the ANSI standard cannot be met with given the

* existing arrangement of the ahip.

other Considerations

Thin ship is adaptahle to 'ther renuirements of the ANSI standard. Hand-

rails and other ohbtaclen are of the correct size, heiqht, and distance from the

bulkhead (Sections 4.4, 4.5, 4.9.4 of ANSI standard).
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The requirements for stair tread width (ANSI Spction 4.9.2) are not met

because these are only 8.5 inches wide. '11ia could he accepted either throuqh i

restriction, waiver, or modification.

Adaptations would he required to comply with the alarm, tactile warning,

and signals requirement of ANSI standard Sections 4.28, 4.29, and 4.30, respec-

tively.

PASSENGER COMPARTMENT MOTION

The pitch and roll motions and the vertical, lateral, and surge accelera-

tions of the RHS 200 were measured at various locations throughout the ship dur-

inq rough water trials conducted in State 3 and State 5 seas. It was found that

the foil systems, even with the SAS disengaged, were very effectiye in limiting

the motions of the ship while either hullborne or foilborne in a seaway. The

accelerations which occurred were considered to be more severe than the motions.

Althouqh it was possible to move about the ship even in the heavier sea condi-

tion, it would be suqqested that passenqers remain seated during operations in

State 4 seas or hiqher. Seat restraints were not installed nor were they

required in any of the seas experienced durinq the trials. Roll and pitch

motions were reduced with the SAS active. The SAS did not have appreciable

effect on the measured accelerations. Numerical definition of the most siqnifi-

cant results from these trials are presented in the Rouqh Water Response Charac-

teristics section of this report.

CRAFT AVAILABILITY

The RHS 200 was operated underway on 12 separate voyages during the trials

period. Althouqh this ficure is small in relation to the hiqh number of voyages

to he expected in a ferry service application, the important feature in the

trials operation is that the te.t.4 were never postponed or delayed because of any

equipment failure or maintenance activity. All normal maintenance needs were

accomplished durinq warm-up priods or upon completion of a day'a trials. Two

the noted voyaqes were made over a ninctle weekend for the purpooes af rough watr-

trials. The fizat day's effort was mounted without any advance warni.nq with
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2-hour period. The ship had bee-, in stand-down ntatu!: with the enqines secured

the previous day. The information which Rodriquez has provided reqarding the use

of the RHS 200 durinq the June through September 19R2 operating period, presented

in the subsequent section on Operations and Maintenance, cites a schedule

achievement of 94.4 percent. It q noted that this hiqh level of availability

was established over an open oceu,,• Naples to Palermo, transit which required

over 12 hours for round trip comn...tAtion. The experience of the DTNSRDC trials

team was in agreement with the Rodriquez information; from reliability and main-

tenance points-of-view, RHS 200 availability must be assigned a very high value.

ACCEPTABILITY UNDER USCG REQUIREMENTS

The acceptability of a vessel under United States laws is determined by

the United States Coast Guard (USCG). If an owner wishes to register a vessel in

the United States, he must apply to the USCG, who will make a determination of

suitability and the necessary modifications.

The followinq discussion can only be taken as an indication of the likeli-

hood of approval and of those things which must be modified to receive approval.

It is not an actual determination; that only being possible, on a case basis, by

the USCG.

The rules applied to shippinq are found in Title 46 of the U.S. Code of

Federal Requlations (CFR) (Reference 14). The examination of this case will hc

in reference to the CFR. One of two subchapters is applicable to this vessel:

either Subchapter H, Passenqer Vessels; or Subchapter T, Small Passenqer Vessels.

Those vessels with less than 100 qross tons are considered "small%. In order to

determine which rule applies, the gross tonnage (a measure of the enclosed vol-

ume) must be found.

The estimate of tonnaqe is based upon the followinq assumptions:

1. The entire upper salon would be exempted as a sheltered space for

protection of passenqers on short voyaqes H(46 CFIR 69.03-63(a)).

2. The entire wheelhouse would be exempted H(46 CFR 69.03-63(1)].

3. Neither the forepeak nor afterpeak could be adapted for the carriaqe

of ballast because they are used for other purposes.

4. Neither doublehottom is counted.
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The estimated tonnaqe of the vessel is 149.0 qross tons. This would re-

quire that the ship he reqistered as a Passenqer Vessel under Subchapter H.

Furthermore, 46 CFR 175.05-1(b) states that any vessel under 100 gross tons

carryinq more than 150 passengers shall comply with certain requirements of Sub-

chapters F, H, J, and P as determined by the Officer in Charge, Marine Inspec-

tion. For these reasons, the ship will he primarily considered under Subchapter

H.

The follovinq par4qraphs are an estimate of the likelihood of the vessel

satisfying the requirements aid in some cases the steps which might be taken to

meet them. Paragraph numbers refer to the correspondinq paragraph in the Code of

Federal Regulations, Subchapter H.

This evaluation assumes that the RHS 200 will only be used for domestic

voyages in open waters; this includes the ocean as well as rivers, lakes, bays,

and sounds.

General Provisions (CPR 70)

This section describes general provisions and definitions and applies

because the RHS 200 carries more than 150 passengers. These provisions shall all

be assumed to be aet except for-

70.20 - General Marine Inqineerinq Requirements which refers to

Subchapter F.

70.25 - General Electrical Unqineerinq Requirements which refer"

to Subchapter J.

which vill be discussed later.

Inspection and Certification (CFR 71)

This section describes the activites to he parformead durinqg design, con*-

truction, and operation. They are not relevent to this study.

Construction and Arranqement (CI' 72)

Hull Str-" ture (72.01). The 5UP)yPJUNDO P.),• 200 w1 4uflt to the, r . srese nt' #-

the R*eqistro Italiano Navalo (RINA). The AINA ro reuemontn covrr t ho areae of

concern to the U.S. Coast Guard and those of the knorican bureau of Sh.ppindI.
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(ABS). Most likely, the ship could he built to ABS standards, thus satisfyinq

the structural standards requirements of 46 CFR.

The watertight subdivision requirements can he met. The above paraqraph

on watertiqht integrity describes the inspection of watertiqht bulkheads.

Although no testinq could be performed during the trials period, the standard

could certainly be achieved.

General Fire Protection (72.03). General fire protection is discussed under part

72.05, "Structural Fire Pfote.tion.

Structural Fire Protection (72.05). The code requires structural fire protec-

tion. This will definitely be required by the Coast Guard. Specific items are

discussed below.

Fire Control Bulkheads and Decks (72.05-10). The code requires that the hull,

structural bulkheads, decks, and deckhoir'ts be constructed of steel or other

equivalent metal. This ship is constructed of aluminum alioy. Aluminum does not

have fire prote'tion qualities equivalent to steel: that is, the insulatinq

material necessary to ensure that protection has not been provided. Iherefore,

the aluminum cannot be considered to be equivalent to steel.

The code also requires that vessels be subdivided into main vertical zones

not exceedinq 131 feet in length. This ship, only 117 feet lonq, is not subdivi-

ded into vertical zones.

The hull, bulkheads, and decks are not constructed in such a manner that

would appear to permit them to meet any of the standard fire tests (A or B). Ihe

code had established requirements for fire resistanc* bhaed upon the type of

spaces separated by the bulkhead.

Ceilincrs, Linings, Trim, Etc. (72.05-15). Th1 plastic eatvrialn uno4 for inter-

ior finishings, the carpet materials and the pa Aenq'r voat materials havQ been

approved by Italian aqencies. some will he approved by RINA and othera %rq

ap>roved by the Italian aviation aqency. Rovver, the nturn of the 9tinq

required by those agencie. is nor kn6wn. kA a ntmun, there =aterials would

require testinq Uder U.S. ro.tulatioro, aA wultd fo•it ltkely r-quirq suhstitu-

t ion by approved materials.
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Stairways, Ladders and Elevators (72.05-20). Stairways are required to he coi-

structed of steel. Those of the RHS 200 are not. The stairs to the lownr salons

of the RHS 200 have the followinq parameters:

Anqle- 47* aft and 450 forward

Depth- 10 inches

Width- 46.25 inches

Height- 7.5 inches •

All of these meet the requirements of the Code except those for the stair-

way anqle, which must be limited to 400. The stairway to the wheelhouse and the

associated door must be widened to 28 inches. Handrails are approximately the

correct height, but are congtrutted of aluminum. The stairways between passenger

areas are not enclosed; therefore, they are not protected from fire. The loca-

tion of these main stairways adjacent to the main machinery present a fire safety

hazard which is also of serious concern.

Doors, Other Than Watertight (72.05-25). Some modification to the doors will he

required. most particularly, wire inserted glass, a minimum of 1/4-inch thick,

must he used for doors opening onto safety areas from accommodation areas.

Window. and Airports (72.05-30). Wire-inserted qlass is required for windos oin o

lifeboat embarkation areas.

Hatch Covers (72.05-30). Not applicable.

insulation, Other Than Fire-Protection (72.05-40). U.S. Coast Guard approved

materials must be used.

Paint (72.05-45). This requirement is probahly satisfied -,d certainly canl be

complied with.

Ventilation (72.05-50). Pecause there is no fire subdivision, most of these

Sreq.ireaents are not applicable. The duct to th# main fschinery sa'se which

passes throuqh the peasenqer space will relnuir* an automAtic fire dampor.

Furniture and Furnishincm (72.05-55). Se commehts undqr 72.05-IS.

motion Picture Pro)e tion (72.05-60). Not appli:Abhl.

vemse]l Before ay L6, 1965 (72.05-90). Not applirahlq.
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Means of Escape' (72.10). Escape from the lower salons is inadequate for the

followinq reasons. The main stairways from the lower salons exit into another

accommodation area, not to the weather. Ready and direct access to lifeboat

embarkation areas is required. Two independent means of escape are required.

The RHS 200 has vertical escape ladders with deck hatches, and escape windows, as

secondary means of escape. Subpart 72.10-15 specifically prohibits use of verti-

cal ladders as a secondary means of escape. Where it is demonstrated that a

stairway is impractical, a vertical ladder may be used. No -use of escape windows

is considered. The means of escape, especially from the lower salon, must defi-

nitely be upgraded.

Ventilation (72.15). These requirements are satisfied.

Accommodations for nffic3rs and Clew (72.20). This is adequate because the ship

is not intended for overnight voyages.

Passenger Acco=.modation (72.25). Separate male/female toilet facilities Rrq

* required but not provided.

Rails and Guards (72.40). This reaui-ement is -zatisfied.

Watertight Subdivision (CFR 73)

The design of watertight subdivision is dependent on several particulars

of the ship's design and operation that are yet to be determined. The judgments

reqardinq this ship are only indications of its expected performance. As a ship

desiqn is developed) thei celculations to verify adequate subdivision will be

performed.

The calculations supplied by Rodriquez were not in a format compatible

with the requirements of the code. To the extent that was cost-effective, their

calculations were checked and compared with the code. All indications are that

the RHS 200 as tested, may not satisfy the one compartment flooding criterion.

Marqin Line (73.05-6). The requirements for shear are definid in Section 73-

05.6. This ship has a discontinuous bulkheacl deck an det-rlbed below. The mar-

qir line was assumed to be 3 inches below che bulIheoad dock for each compart-

ment.
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Rules for Subdivision (73.15). This vessel ig required to comply with Suhpart

73.15 because it is under 150 gross tons and is intended for ocean or coastwise

service, not for international voyages. One compartment subdivision is

required.

The RHS 200 is unusual because the bulkhead deck is discontinuous. The

main deck is the bulkhead deck for the engine room while the second deck serves

that purpose for the remainder of the ship. The code makes no provision for

vessels of this type construction at this size. However, Subpart 73.10-25, for

vessels over 150 gross tons, does make such provision. For the purpose of this

study, it will he assumed that the provisions of Support 7".10-25 do apply. This

assumption requires confirmation by the Coast Guard.

To satisfy the requirement fcr the stepped bulkhead deck, two crite~ria

must be mee. First, the sides of the vessel must extend to the deck correbpond-

ing to the upper marlin line thrcuqhout the Neassel's i eaqth, and all openinqs

below this deck throughout the vaesal's length must meet the requiremei.ts for

side opcnirmqs below the margin line. Second, the two compartments adjacent to

the "stepw in the bulkhead deck mutst be within the prmissible lerigtn corcespond-

* inq to their own margin lines, and their .. ombined lenqth mus. not exceed twice

the permissible lenqth based cn the lower margin lire.

The vessel sides co extend to the upper bulkhead deck throughout the

ship's length. The requirements for openknq, are addressed in subpart 73.40.

A check or fl-odable length was made for compartment IIC from frame-, 58 to

70 and compartment 111, the enqine room compartment. This was done with a con-

aervative permeability o0- 0.45. 7he estimates of floodable length over these

combined compartments in 17.3 feet. The combined lenoth of the campartments ir

335.4 feet which in 0.79 feet qreater than twice the floodable lenqth. Ihis cal-

culation is somewhat imprecise so further detailed catculation would he required.

Some adjustment of bulkhead location could be made to correct a %;mall deficiency,

if presint.

Collision Bulkhead (73.20-1). "his requirpment for hoth provision and loCation

is satisfied.

KachiL;, •Spaz-eb ulkheain '73.2o-S). This req-siroment is met.
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After Peak Bulkheads (73.20-10). This requirement for vessels over 150 qroAn

tons is met.

Shaft Tunnels (73.20-15). This requirement does not apply.
0

Double Bottoms (73.25). no doublebottom is required on this vessel.

Penetrations and Openings in Watertight Bulkheads (73.30). To the extent that is

possible to check, this requirement is met.

Watertight Bulkhead Doors (73.35). This requirement does not apply. There are -

no such doors.

Openings in Vessel's Sides Below Bulkhead Decks (73.40). This subpart does not

permit openinqs in the side on vessels below 150 gross tons. This would elimin-

ate the windows in the lower salons on this ship.

If the vessel was over 150 gross tons, non-opening port lights could be

installed. These would require dead covers. The escape windows would certainly

not be permitted. The windows ari required to be of a substantial type approved

by the Commandant. The windows used on the RHS 200 are unlikely to receive such

approvall standard round windows would be required.

Watertight Integrity Above the Margin Line (73.45). No provision is made to

limit the spread the water above the bulkhead deck. Although it would interfere

with arrangement of the lower salons, coazings aroand the manholes to the spaces -

below the bulkhead should be considered.

Stability (CFR 74)

Stability Test (74.05). A stability test would he required.
I

Stability standards (74.10). The minimum required intact stability is: -•

Weather criteria: GM (aetac*ntric liqht) - 2.75 feet (req'd)s

where GM is defined an the distance between

ship center of gravity and its metacenter.

Passenger criteriai GM - 1.69 feet (req'd)

In the fu'l load condition, with passengers standinq on the main deck, the

worst case (44 is X.87 feet. The requirement is met.

Damaqed stability- One-coompartment flooding is required with damage ex-
l- -I

tendinq to one-fifth of the beam and from the baseline upward without limit. The

basic damaqed stability reqtlirtment is met because of the very large intact GH.
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However, as mentioned above, the marqin line may he submerged alonq part of the

length, thus violatinq this part of the damaged stability criterion. No cros.-

floodinq or permanent or liquid ballast is required. Damaged stability must 1e

carefully examined.

Lifesaving Equipment (CFR 75)

General Provisions (75.05). The lifesaving equipment provided must be of USCG

approved type and made of approved materials.

Lifeboats, Life Rafts, Lifefloats, and Buoyant Apparatus (75.10). Subpart 75.10-

25 states that inflatable life rafts may be substituted for lifeboats but that a

rescue boat must be provided. This rescue boat must be seaworthy, rigid, with

built-in buoyancy, readily launched, and easily maneuvered. It must he capable

of being used to recover an unconscious person who has fallen overboard.

Hydraulic releases are required on all life rafts. Those on the SUPER-

JUMBO were being so fitted during the trials period.

The total capacity of the inflatable life rafts on each side of the ship

must be equal to one-half of the number of persons on board. The RHS 200 is

fitted with ten 25 person life rafts plus one 15 person life raft. This is ade-

quate for the 232 passenqer version and may be acceptable on the 254 passenger

version.

Buoyant apparatuLL are required sufficient for 25% of the persons on hoard

(76 persons). Alternatively, inflatahle life raft capacity may be increased by

that amount.

Rtoraqe and Markinq of Lifeboats, Life Rafts, Lifefloats, and Buoyant Apparatus

(75.15). The life raft storage on the how is unacceptable. Life rafts are to Vxe

capable of being launched while loaded with a full complement. This is not fean-

ible on the RHS 200.

_for Lifeboat4. Life Rafts, "tc. (75.20). The tnflatqhlo lifft rafts and

bttoyant aptmratss mtnus he etQuipped as4 4pocif xed in Chig stubpart of the. Oode.

Davits (o, L1feboats (75.25). "~t 4pplicahlo.

Inflatable Life Raft Launching opevice (75.27). The EHS 200 Is def--rent in nvot

permittinq hoarding nf life raft- hpforo launchinq. Launchinq dovi%, .Fmstrzt he.

added.
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Lifeboat Winches (75_.30).. Not applicable.

Blocks and Falls for Lifeboats (75.33). Not applicable.

Installation of Lifeboats, Davits, and Winches (75.35). Not applicable. S

Installation of Inflatable Life Raft Launching Devices (75.37). These equipments

are not required on domestic voyages.

Life Preservers (75.40). USCG approved life prbservers must be provided as

follows:

One per person aboard

+ 10% of number of persons, for children

+ one for each person on watch in engine room, pilothouse, and bow lookout

station.

Life preservers, including those for children, are to be distributed

throuqhout the spaces. If they are stowed in boxes, lockers, or closets, the

boxes, lockers, or closets must not be capable of beinq locked (unlike those on

the SUPERJUMBO). Each life preserver must have an approved, attached light."0

Exposure Suits (75.41). Not applicable unless operated on the Great Lakes. If

operating on the Great Lakes durinq the winter season, exposure suits equal to

the number of life preservers must he provided. The stowage rules are the same

as those applied to life preservers.

Rinq Life Buoys and Wsterj Liqht (75.43). Fiqht life buoys are required. Six of

these must have liýhts. This is currently exceeded on the RHS 200.

Line-Throwing Ay~liances (75.45). An impulse-projected rocket type or shoulder

cgun type line-throwing appliance must be provided with the associated equipment

listed in the code. This was not provided on the prototype.

Pakbarkation Aids (75.50). Provision shall he made for embarkinq persons into

floatinq life rafts. This includes adequate illumination of the entire process

of launch from thc stowed position until the life raft is vaterborne.

Portable Padio 17paratus 75.5S). Not required on dooestic voyaqes.

nezrqenc_ Position Indicatinq Rediobeacon (EPIRB) (75.60). This is required

unl4uu the ship has an approved VHF radiotelephone and it will not be more than

20 miles frou a harbor of safe refuge. -

Ship's Distress Siqnals (75.90). Twelve approved hand-held, rocket propelled,

parachute, red-flare distress .iqnals must be provided.

185
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Fire Protection Equipment (CFR 76)

Fire Detecting and Extinquishinq System, Where Receuired (76.05). A fire main

system, fixed fire entinguishinq system (CO 2 and sprinklers), and hand portable

fire extinguishers are required.

Fire Main SyPtem, Details (76.10). Only one fire pump is required. Water shall

be delivered from the two hiqhest outlets, simultaneously, at 5o psi. The pump -

shall be fitted with a pressure gauge and relief valve.

The hydrant and hose size are to be standard 1 1/2 inch. The hydrant

nozzle is to be 1/2 inch. Fifty foot hose lengths are to be used.

Hydrants are to be located so that any place accessible to passengers and

crew, except the machinery space, can he reached by two streams (at least one

from a single length of hose) from separate outlets with doors closed. Cur-

rently, the RHS 200 has one hydrant on the stern, and one each port and starboard

near the passenqer doors. An additional two hydrants must he located in the

upper salon. At least one hydrant must be located in each lower salon.

The machinery space also requires two independent streams hut both with

single lenqths of hose. ThIs requires two hydrants in the machinery space. Each

fire hose must have combination solid stream and water spray nozzles. Two fire
hoses must have applicators. Each hose in the machinery space shall have an

applicator.

All hoses must be lined and Underwriters Laboratory approved. Natio.jal

standard hose coupling threats must he used. These requirements can he met.

Steam Smotherinq System (76.13). This system must not he used.

Carbon Dioxide Extinquishinq Systems (76.15), Carbon dioxide systems aro requi-
red for the machinery space, forwari paint locker, and aft paint locker. CO2 is

not required for the tanks. The following parameters applyz

a ie2!E. Outlet Area

Machinery 242 lb 0. O.'in.

Fwd Paint Locker 42 lb. 1/2 in. 0.1 in.

Aft Paint Locker 31 lh. 1/2 in. 0.1 in.

%he machinery space lines are approximately correct. however the system

capacity is very small. The paint locker systems must he added.



A delayed di:-charge system is required. An alarm must sound for twenty

seconds in any space before CO2 is discharged into the space. Provision shall he

made for automatically shuttinq down ventilation to the machinery space when Co 2

is being used. Detailed specifications on system control and operation are des-

cribed in the code and must be followed.

" Foam Extinquishinq System (76.17). Not applicable.

Manual Sprinklin.g System (76.23). Not required. -

Automatic Sprinkling System (76.25). Not required.

* :.Fire Detection and Smoke Detection Systems (76.26, 76.30, 76.33). Not required.

Manual Alarm System (76.36). Not required.

Hand Portable and Semi-Portable Fire Extinguishers (76.50). Some changes in the

portable fire extinguishers are necessary. The following is the requirement for

this ship.

Location Number Type

stairway to Wheelhouse 1 Ali

Each Salon 1 AlI

Galley I BI! or CII

Baqgaqe Area 1 AlI

Paint and Lamp Locker (each) I II1

Machinery Room 5 BIX

Specifications for these are given in the Code.

Fire Axes (76.60). Two fire axes are to he provided.

vessel Control end Miscellaneous - Ru pment_. Ihe requirements of this section

are satisfied.

Operations (CFR 78)

"This secaton is not applicable to the study.

Nuclear Vessels (CFR 79)

Not applicable.

Ditcloaure of Safety Standards/Registry (CVR 80)

not Applicable.
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marine FPnqineerinq -Subchapter F

Major redesiqn of marine engineerinq systems will be necessary. Sc.e of

the important areas are:

"Pressure vessels (54)

Diesel Fuel Pipinq, Tank Vents, Tank Soundinq (56.50-60, 56.50-75, 56.50-85,

56.50-90)

Lubrication Oil System n (56.5 -80)

Main Propulsion MachineryJ(5.05)

Internal Combustion Fngine installation (58.10)

Electrical Eiqineering - Subchapter J

Electrical systems drawings are not available. However, based upon the

different standards for voltaqe and frequency, major changes can be expected.

This is compounded by the much more stringent standards imposed by the U.S. as

compared to those in Italy. As a practical matter, a complete electrical system

redesign would probahly be requiired.

OPE.RATIONAL FACTORS --

Pilothouse Visibility

Visibility from the pilothouse is excellent. Windows are placed so that

360 deqree visibility i. available. Thin mullions separate window panes; a

eliqht movement of one's head permits visibility around any of these. The only

Il nstrumentation and control* are positione4 well. 1%t ca pt4 in i-4 on the
Icentpr line ihen at .the quael. dih reion.eer in o hpla riht and an ohfervor ie

sie to h th left. ehe capt.ain havs a -pie lhoe, a dempast and Setibility Augeentation
centeoln (SAS) control*. 1%e ongeneer hq s michinery and electrical o ystertohslf. Te ati!a -pl oalpasa~ tbliyAq~tto



controls. 1he observer as a radar and radio. Electronic navigation equipment is

located on the overhead, aft. Refer to the photographs at the end of this

section.

* Instrument visibility was qenerally qood. However, ability to read the

diqital exhaust temperature unit'suffered in bright light. The engine and shaft

speed indicators could not bg easily viewed from any position other than the

engineer's location.

Night Operations Capability

Althouqh the craft iR equipped with radar, a niqht version capability

would most likely be required for its operation in congested waters. This is due

to its much greater speed than other vessels likely to be present. The ship was

not operated at night during the test period.

PIER FACILITIES SUPPORT

Minimum Water Depth

At full load weiqht, the RHS 200 draws 15.3 feet of water. To ensure

adequate clearance, the water depth should he 3 feet cgreater at low tide (depen-

dent upon local tidal ranqes). This will accommodate the shiji in a trimmed con-

dition or at a very low tide.

Fenders and Camels

'The overall width of the RMS 200 forward foil is 47.6 feet. Ihe hull

width is only 23 feet, leavinq a 12.3 feet overhang oo each aide. Camels 14.8

feet wide should he used to prevent damage to the foils. Fenders should he used

due to the minor potential for damage to the ship's aluminum hull.

The AHS 200 terminal should include ramps to reach the entry/exit points.

1%e#4o must extend beyond the fenders to the deck. in qeneral, these rampS woulk4

he nimilar to those used for conventional, neall passenger ferries. Other avoo-

inq requirements are similar to those for a conventional ferry of the same size.
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* :Shore Connection

Electrical. A 220V, 50 kW electrical panel must be provided for shore power.

Water. No special water facilities are needed. A small garden hose is needed

"for washing down the ship after operation.

Sewer. Po sewer facilities are used on the ship in Italy. For American opera-

tions, a holding tank or other processing system would be required.
4*.0

MANNING REV)IRFX4ENTS

The manning reqeirernnts for a vessel vary qreatly based upon location,

requlations, union rules, maintenance program and type of service. Therefore

3nly an example manninq ronter can he provided.

The RHS 200 SUPERJUIBO has operated on a run between Palermo and Naples.

It required about six hours in each direction and makes one round trip daily.

I". ship's crew is as foll-c-nws:

Number

Captain I

Chief Mnqineer I

Mechanic I r-

Sailors 2

lstes I

Barman I

other hydrufoiln operato from each of these termin~ls. Therefore, the

shoroside personnel are t-ot devoted to this ship. Tlpically, a aanaoer, two

a'sistants, and two lahorers are -tationed at each terminal. The manaQer and

assistA •i- are reoponsihls for sellinq and taking tickets and administration

while the laborers axsiit in hoorinq the hydrofoils and perform terminal mainten-

ance.

Planned naintenance and P•st corrective maintenance is performed by the

ship's crew. Spoc-ialists are tzad for jobs re-quirinq unusual skills. wutra

personnel ara used for large Jobh. on the average, one mechanic per 4ay is re-

quirftd. This 4hip nunt also ho- dckod oncc per year. his drv level lhor lt

nAt considered here.
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When a vessel operated in the United States, the crew complement is sub-

ject to the judqement of the Officer in Charge, Marine Inspection (46 CFR 157)

and the union. Because this is covered on a case basis, no determination of crew

size for u.S. operations is made here.

Manninq will also depend upon the labor contract agreed to hy the operator

and the union. These, in turn, depend upon the particular service. However, it

is most likely that these manninq levels will he greater than those required by

the Coast Guard. In developing other hydrofoil passenger service in the United

States it was found that for vessels over 100 qross tons, the operator would have

to be forced to netiotiate with 17 different maritime unions vice only one union

for the smaller ship. The larqer number of unions would, almost certaily, have

resulted in a larger crew. An assessment of crew size must await a proposed

deploymert plan.

CRAFT OPPMATIiNG PARANETF!RS

The calm water speed and powerinq operational parameters of the RIS 200

were evaluatod under liqht and heavy ship test confiquration. The results of

these tests which considered normal hullborne and foilhorne operation and limited

sinqle enqine hullhorne tests are presented in detail in the Calm Water Speed and

Power section of this report. Similar data were obtained at single speeds hull-

borne and foilborne in State 3 seas and foilborne in State 5 seas. These results

are presented and compared with calm water results at the same speeds in the

rouqh Water Ship Performance section of this report. These sections also include

respectively, discussions of the wid-e scope of calm water. and the more limited

rnnqmh wator, takeoff tests hat were performed. Ship performance was larqely as

advertised. A typical maximum foilborne %pee4 of 36 knots was achieved at full

power conditions. State 3 sea operation did not have noticeahle effect on speed

and por.r requirements. In State 5 seas typical power increases of 11 ;>ercent

were rqi•irqd tn achieve the eame speed if the SAS were active. Required power

increas"d to between 17 and 31 percent and speed was rtduced with the SAS se-

cturR4. The *hip has a 50 percent calrn wator takeoff power margin. Rough water

ta1ooff owerine r.quireaeeita. %Aich included ft" Ifferent headinqs is State 3

soa antid ruily head sea cases in Stato S. wore not largely different from the calm

water requirements.
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EMERGENCY OPERATING PROC.EDURES

Emerqency operatinq procedures for the RHS 200 wern not considezed in tne
0

trials beyond the evaluation of both single enqine hullborne speed .-:id powering

characteristics, and ho'ilborne and foilborne emergency stopping charActeristics.

The ship, in the event of damaqe to or the failure of a single propulsi(c., o0ant,

could readily make an extended hullborne transit at speeds up to 12 kn<" i. De-
S

tails of the sinqle enqine tests and their results are included in the Ca Water

Speed and Power section of this report. The stopping characteristics of hs ship

are summarized and the tests are cited in a followinq section. Emer y proce-

dures relative to l!fe boats, fire fiqhtinq and similar aspects ar. reviewed in

the section titled 'Acceptability Under USCG Requirements.'

HMIJSEXEEP ING CHARACTERISTICS

The RHS 200 is qenerally well-suited to maintenance. The only difficult-
9

ies are clear.inq the carpet around the seats and the potential for stains on the

carpet or seat covers. The floor is carpeted throughout the passenger areas

which requires vacuuming. The seat covers are a synthetic material. The suscep-

tibility of shipboard materials to fire has been discussed previously in the

gection *Acceptability Under USCG Requirements,* part 72,05-15.

MANEUVMPARILITY

PHlS 200 maneuvwrability was ealuated in calm water 3piral turning tests

desiqned to exploro rudder effectiveness and ship directional stahility limits.

in t4ctical diameter trials, in low speei oanouverability tests, in ziel-zaq man-

ouvers, and in Special ttsts deviqond to dsonstrate differe7,tial thr,4it turning

capability ot xaro spoed of advance. The specifics of all of the tets and dis-

cossion of thoir r.•ult% are qiven in tho Calm water Turning socti-.n of the re-

port. 4u1hc•rn* turn rates to I deqreo. pnr second wero achoved. Xaxi-up foil-

bnrno raton wqero sliqhtly lqxr. Duo to a co.iination of high sp.,ds and low turn

r.~tor., Ttolaorno tActvcal ,tp-i wt-ru -r- SSS 74rig at 28i kots And 320 yards at

Ili knotu. hullho~nie ztnjeua tacti-al Alaxetor% t-f 270 yards aM 360 yards at

Xpoeds of A .1n4 r 6 knots coectiv., wore ,ioterained. The rudders were found

tn gtill hw effctive at seeds be•ow ) .nots. The ability to "asure speed

expsrai hafore, rudder offectivessa. )Mo dlroetionak knatahilition u"re fourA.



Zero speed of advance turn rates of 2 deqrees per second were demonstrated. The

zig-zag tests showed that the ship responded very quickly and accurately to the

helm. The limited rough water turning tests are discussed in the Rough Water -- .

Turning section. The rudders were effective at 2 degrees of deflection in head

. and following State 5 seas. Calm water turning capability was not reduced in

State 3 seas. With the SAS active there was also little or no reduction in turin

_ capability in State 5 seas. In these sea conditions the Captain of the RHS 200

Selected td use reduced rudder command when turning with the SAS secured.

* .- STOPPING CHARACTERISTICS

The crash stop and crash reverse characteristics of the RHS 200 are dis- ...

* cussed in the Crash Stop Response section of the calm water performance evalua-

Stion. It was possible to stop the ship ir 30 yards, or less than one ship

lenqth, from an initial hullhorne speed of 16 knots. It was possible to stop the

ship in 96 yards, or 2.50 ship lengths, from an initial foilborne speed of 35 ...

knots under crash reverse conditions. The distances required to stop the ship

under crash stop conditions were only slighter longer. The CP propellers were

. believed to he of added benefit in the emergency stops.

STRUT FAILURE CONDITION

The welded foil system assemblies of the RHS 200 are attached to primary

Shull structure at bolt-on attachment points. The attachment fasteners are de-

siqned to shear under foil impact loads. In such a scenario the damaged foil .

would fall away from the ship and a crash landing would occur. The low flying

. heic'ht of the RHS 200 and the shape of its hull would permit a qentle crash land-

ing. "ne most severe factors to be expected would be the negative surge acceler-

ationk which would occur with the impact loads on the foil. The load levels dt

which the attachnent bolts would fail were not defined.

WAKE EVALUATION

The bow qenerated wave train of the RHS 200 was recorded during ship tran-

sits pas% a near-shore instrumentation station. Typical height versus time
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traces of the wave series are presented anci discussed under the Wake Evaluation

section of the performance evaluation. In either the hullborne or the foilborne

mode of operation the RHS 200 c,,w wake was nearly 2.0 feet peak-to-puak and each

wave had a period of approximately 2.5 seconds. The wave series typically con-

tained 5 well-defined waves.

OPERATION AND MAINTENANCE

The followinq operation and maintenance information was obtained from

Rodriquez Cantiere Navale based on the 1982 operating season; 30 May 1482 through

1 October 1982.

Personnel Complement and Skills

During the 1982 season the vessel operated with two crews made up as

followst

Master

n;ief Engineer

Enqineer

2 Zceareen

3 Apprentice Seamen

No shoreside maintenance support was expected. Maintenance wav carried out by

the ship's personnel with the help, whenever necessary, of a local companies

personnel or personnel from the Rodriquez shipyard.

List of Fxpendable Parts and Fuipment

The aqgreqate cost of these items was approximately $6,170.60 (Baaed on

1300 Lira per U.S. Dollar). The items consisted of:

3 zinc anodes

4 hall and socket joints; Gwtn D

60 kil•o of paint

I wildcat

2 hydraulic cylinders

1 safety qovernor ring DR 6262

¶q4
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Operation Hours and Cost
1050 Hours at a cost of $712,962 US, broken down as follows!

Crew $199,629 0
Fuel $363,611
Lube Oil and Other Consumables $14,259
Agency Changes and Harbor Dues $28,519
Annual Malntenance (Inc. O/H and Storage) $106,944

Wint.rince Manhours anti Cos-t (nuring Operations)910.5 ,Manhours at a cost of $14,020 US

Load Factor
An average of 25.5,

Utilization of the RHS 200
80.31

Fare Structure
Not avybi1able.

Planned Schedule and Frequency of Operation
From 1 May to 20 September; six days per week with one day held in
standby.

Percentage of Time Schedule 14eL
94.39%

Scheduled Trips Missed and Why
3rd and 4th of June; Replacement of a bent propeller blade.
13th of June, 26th and 28th of July; Adverse sea conditions.
Ist of September; Damage to fresh water pump.

Average Time to Load and Unload
150 passengers in 10 minutes
5000 kilograms o' luggage in 15 minutes (simultaneously with the passen-
gers)
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WVather Experience

Meteorological conditions during the last operation period were generally

good. In rough sea conditions, the most frequent situation was a WNW wind and

sea with an accompanying State 3 or 4 sea (possible taken from the Beaufort

Scale). State 7 seas were experienced on some days. When this occurred, the

trips were cancelled. However, when the sea state increased to 7 during a trip

* already started, it was necessary to reduce the speed to about 29 knots in head

and quartering seas. A few times, say less than five per trip, the vessel came

off foils to avoid unnecessary damage risks by anomalous waves. In both sea

directions, the take-off was easily accomplished after an occasional landing by

placing the ship in a beam sea.

Equipment Casualties and Emergencies

There were no important casualties or emergencies experienced that would

have been the cause of any damage.

I- aotoqzaphs

Phc-ographs on tie following pages show a series of selected external aind

internal viewn of the RHS 200 hydrofoil.
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EMS 200 During Landing

RMS 200 During Takeoff



RHS 200 Poilboryte

RRB 200 Foilborri.
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Engineering Control Station
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Machinery Monitorinq pan~el
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Upper Salon, Port Side -Looking Forward
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Upper Salon, Starbo~ri Side Lockingq Forward
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Lower Forward Salon, Starboard Side
Looking Foxward
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Lover Aft-or Salon, Port Side -Looking Forward

209



0
0

0

S

Lover After Salon, Starboard Side - Looking Aft

6
0

S

0

S

0
0

Lover After Salon, Port Side - L.ookinq Aft

0

210

S
S



I
4.J
U
0

4) I-

0

0

0

'�. - 0

-4 -�

�.4 �4

62

.. 0

-S

211

0



* * 4. *4* . . . a rr'� -- y- 7

0

6

514 -

0 *0

g

4)

g
'C

�0

�0

4) 0C
.4
9'

�0

0

212

0



-. . . .. - --... .

0

Propulsion Shafting

213

L 0

k0

r0

L .. . . . - . _



SUMMARY AND CONCL(ISIONS

SUMMARY

The RHS 200 is a surface-piercinq hydrofoil ship of 123 tons displacement -

design and built by the Rodriguez Cantiere Navale S.p.A., Messina, Italy as a 254

person capacity passenger ferry. The 117.5 foot ship is powered by two, 2600

horsepower, MTU 16V652-TP81 diesel engines which drive CP propellers installed on
m angled shafts. The aluminum hulled RHS 200 has an advertised cruising speed of

36 knots and a foilborne range of 200 nautical miles. The ship is fitted with a

Seakeeping Auqmentation System which uses electro-hydraulic control of flaps

installed on submerqed elements of the foil systems to minimize ship motions in

rough water. The foil systems of the RHS 200 are of alloy steel.

DTNSRDC, at the request of the USCG and the UMTA, agreed to conduct calm

and rough water performance and ferry service evaluations of the RHS 200. A

trials agenda was written and a portable instrumentation and data acquisition

system was assembled by DTNSROC-HYSTUDET. The instrumentation system was to -

measure and record data for 36 separate parameters which were either developed
within the system, taken from ship's instrumentation, or specially installed by

Rodriquez in support of the trials effort. The most important parameters inclu-

ded ship motions and accelerations, control surface positioning, and speed and ---

power measurements.

A trials team was deployed to Messina and the trials were conducted within

a six week period beqianing S April 1982. The calm water trials included defini-

tion of ship speed and powering characteristics and takeoff performance at dis-

placements of 110 and 132 ton; spiral, tactical diameter, and zig-zag turning

maneuvers; towing performancel and the evaluation of attendant characteristics

such as wake profiles, airborne noise surveys, and structural vibration surveys.

The rouqgn water trials were larqely limited to the conduct of matrix trials where

ship powering reauir.Rments and responses to five different relative sea headings

were measured in State 3 and 5 seas.
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The reduction of the calm water trials data was primarily based on compu-

ter definition of average values taken over specific time intervals. Additional

computer based procedures were used to correct some of the data for instrumenta-

tion discrepancies and to integrate data for elapsed time and distance presenta-

tions. The rough water speed and power data were reduced parallel to the calm

water data. Power spectral density analysis, normal frequency spectral analysis,

and manually derived histograms were all used at various stages during the

reduction of the rough water motion and acceleration data.

During the calm water characteristic trials it was determined that the

ship could achieve foilhorne speeds sliqhtly in excess of 36 and 35 knots for the

110 and 132 ton displacements respectively. The ship was power limited at 4400

horsepower in the case of the heavy ship trials and rpm limited at 1460 engine 0

shaft speed in the light ship tests. During foilborne operation the ship is

normally trimmed to near optimum attitudes. Hullborne speeds of 15 to 16 knots

can be reached at power levels of 2300 to 2500 horsepower. Stable hullborne

speeds approaching 19 knots were achieved at 3000 horsepower levels. Single

engine hullborne capability to 12 knots was demonstrated.

A heavy ship foilborne ranqe of 275 nautical miles was determined under

optimistic procedures which considered 100 percent use of on-board fuel and no

allowance for auxiliary consumption. The foilborne best range speed is 30 to 31

knots. A best specific fuel consumption of 0.38 pounds fuel per horsepower-hour

was determiuad usinq starboard enqine measured supply anrd return fuel flows. The

maximum propultive efficiency defined from the test data was 58 percent. This

relatively low value wss considered to result from inaccuracies in measured

thrust data.

The RHS 200 has a takeoff power marqin of over 50 percent. During takeoff

the ship is typically clear of the water when a speed of 21 to 22 knots is

reached in 15 seconds, and less than 100 yards, from the time and point of

throttle advancement. Foilborne operation at 30 knots can be achieved in less

than 30 seconds and within a distance of 185 yards. A distance of 30 yards is

roavuired to atop the ship usinq crash r"verse procedures from an initial speed of

16 knots. The distance increases to 120 yards with initial operation foilborne

at 35 knots,
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Compared to a typical hydrofoil, the Ohip is relatively slow to turn. The

maximum turn rate achieved in either the hullborne or the foilborne mode was 3

deqrees per second. Directional stability is excellent while in the hullborne

mode. Directional stability is reduced, but is always positive, at near zero

rudder positions while foilborne. The low turn rates resulted in relatively

larqe tactical diameters. minimum values were 270 yards while hullborne at 8

knots and 555 yards while foilborne at 28 knots. The application of rudder

usually resulted in significant losses in speed. Thirty-five knot foilborne

operations could not he maintained during tactical diameter and ziq-zaq maneuver-

inq tests if rudder commands over 20 degrees were applied at 35 knots. The RHS

200 always responded rapidly to the rudder and steady-state turning conditions

were readily achieved. Yaw angle overshoots were very small during the conduct

of zig-zaq maneuvers. The rudders are completely ineffective while backing down.

Differential power provides adequate steering control under these and zero speed

of advance conditions.

The towinq performance of the RHS 200 was evaluated in bollard pull and in

underway tow tests. The ship can develop at least 30,000 pounds of static pull.

The tests were limited due to concern over the adequacy of the mooring attach-

ment. An underway tow capability to 16,000 pounds at 11 knots is available and

would he adequate to tow a second RHS 200 at this speed.

Tactical response tests could not be performed due to a potential for

damaqing the enqines. As is normal for all diesel power craft the ship should be

maintained in a warmed-up status if it is to respond to an emerqency condition.

Five minute foilborne reaction times could be achieved with advance engine warm-

up.

The bow wake of the ship in typically 2 feet in height and has a period of

approximately 2.25 seconds in either the hullborne or foilhorne mode of opera-

tion. The exterior broadside noise levels of the ship are at 85 dB A at 55 yards

away. These levels tre produced by the unsilenced engine exhausts. The extreme

values of broadband interior noise are near the same levels. The interior sound

data were obtained wnder conditions where the sousd absorption status of the ship
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was severely compromised by removal of seats, et('. This situation would not

exist in a normal ship confiquration. The propulsion systems are the prime

genierators of onhoard structural vibrations. The most severe vibration levels

were recorded on the main deck directly above the propulsion machinery space.

The 118 to 114 acceleration dB levels present at frequencies of 40 to 50 Hz could

result in some passenqer discomfort if exposure was continued beyond 2.5 hours of

hullborne operation or 8 hours of foilborne operation.

Rouqh water matrix trials 4ere conducted in hiqh State 3 qeas and low

State 5 seas. The matrix test pattern used in the tests allowed evaluation of

the response of the ship to head, how, beam, quartering and followinq sea condi-

tions. Hullborne trials were only performed in State 3 seas with the SAS

secured. The foilborne trials were conducted in both sea conditions with the SAS

active and were repeated with the SAS secured. State 3 sea takeoff trials were

conducted at each of the given relative sea headings. State 5 sea takeoffs were

performed into head seas. The rough water trials data were reviewed on the basis

of speed and power characteristics, pitch and roll motions, and the acceleration

levels which occurred or were present during the matrix trials.

No siqnificant differences were found in the RHS 200 hullborne speed and

power characteristics while operating in either calm water or State 3 sees.

There is also little difference in the takeoff capability of the ship operating

in calm water, state 3 seas and in State 5 head seas. Foilborne speed and powet

char'cteristics in State 3 seas are identical with those found in calm water.

SIhe *a of the SAS did not have noticeable influence on these results. The

effect. of the sea and the SAS were both more pronounced in State 5 seas. With

SAS contrt-L &. average increase in power of 11 percent over that required for

calm water operation occurred. With the SAS secured the average speed maintained

in the tests wa& reduced and the power required aver4ged at least 22 percent

higher than the catm water rmouirement. The ranqe red&'ctions which occurred in

rough water operation were -onsistent with the power and speed changes.

Ship motiona wihilo or the hull in State 3 seas are very well damped by the

foil syntem. Significant pi%.--h anq~e excursions averaged I degree. RoIl data

froa theoe tonta were adv'r-elly offtcrted by the presence of a large low frequency
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swell. Disreqardinj the xwell, tt was estimated that significant roll anqk•,

excursions would also have averaged I degree. Ihe SAS was not activated in the

hnllborne tests because of an expected lack of low speed flap control authority.

While foilborna in State 3 seas the significant pitch angle excursions

varied from 0.5 to 1.) degrees without the SAS and 0.5 to 0.75 deqrees with the

SAS. In State 5 sea-, the angle varied from 1.0 to 2.25 degrees with the SAS -

secured and 0.5 to 1.5 dv.rees with the SAS active. The sea induced significant

roll angles were also ct relatively low values. Roll excursions of I to 3

degrees occurred in State 3 seas with the SAS secured. These values were reduced

to 0.7 to 2 degrees throuwi the ume of the SAS. The ship continued to be well
0

behaved in roll even in the hiqher sea condition. significant roll excursions of

2 to 3.5 deqrees occurred in State 5 seas without the SAS. These values were in

the range of 1 to 2 deqrees with an active SAS. The most significant fact to be

found in these results are the very low pitch and roll excursions which occurred

even with the SAS inactive.

The dampening of RHS 200 motions in a seaway may have been at the expense

of increased accelerations. In most of the data obtained, the effect of the SAS

on accelerations could not be clearly identified as either beneficial or detri-

mental. The acceleration data are presented and discussed in terms of standard

deviations about the mean. A factor of 2.0 should he applied to the given data

if estimates of the significant acceleration values are desired. in State 3 seas

operation the lateral acceleration values measured at the CG averaged O.O*fq.

Vertical accelerations at this location and time averaged 0.067q. Roth values

were increased hy approximately 0.Olq in State 5 seas. Surge acceleratlons at

the CG averaged 0.03q in State 3 seas and 0.OSq in State 5 seas.

The standard deviations in acc*leratlone recorded at the pilothouse were

more severe. Averago State I sea lateral accelerations of 0.09q and verticai

accelerations of 0.i1q were developed. The lateral accelerations at the pliot-

house was not approciahly changed in State 5 seas. Ihe vertical accelerations at

this station in qtate- S seas varied from .11q to .17q with the SAS Petive and

.11q to .20q vilh it secured. This is essentially the only case where the SAS

had clear impact on the accelerations. The most Severe vertical acceletations

were recorded in the =orvard lower cabin wherq they varied from .1-5 to .22qc i'1
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State 5 seas. The moet severe lateral accelerations in State 5 seas were record-

ed in the aft lower cabin. These standard deviation values averaqed 0.12 and

were nearly constant with heading of the sea.

Durinq the trials period, a large number of dimensional measurements were

taken and observations were made. These permitted evaluation of the RHS 200 in a

passenqer ferry role for American operation and of the RiS 200 and its M-600

derivative in a United Stated Coast Guard role.

The RHS 200 wan soundly constructed. From a review of the drawings, it

was felt that the M-600 would also be well constructed. The M-600 was also found

to be acceptable ander stability and buoyancy criteria likely to be enforced for

a vessel of this type and size.

The RHS 200 enqineerinq plant and deck equipment were found to he well

arranged for a small ship. In particular, visibility from the pilothouse was

excellent.

The struts and foils extend heyond the sides of the ship. This requires

special consideration at the pier and when coming alongside. Camels or fenders

would be required at the pier.

The reliability and availability of the RMS 200 were found to be excel-

lent. No failures occurred during the test period. The correction of one fail-

ure prior to the test period, the installation of tst equipment, and planned

maintenance were observed. These observations showed that maintainability ,*Qw

clearly considered in the desiqn of the ship and the selection of its coepor-

ents.

The RIS 200 and M-600 were generally capable of supporting USCG missions.

Howevor. some modifications to the ship would be required. The communications,

osviqation anA ce'li1on avoidance equipment would require upgradinq. The habit-

ability on the M-600 would rec•ire inprovemonts as well.

T%* RHS 200 wa* not deslqnetl with wheel-chair uers in mind. A nuv.er of

deficiencies in the area should be corracted.

Tho RM41 2VI falls short of tho requlationq for paritnqer VOsnels of this

*it*. A fnirhor of areas would reouire ro4"iqn or wavers from thq Coast Guard.

Sneo of the.e ar.a-s include fire prot.ctioo. firafkqhtin.q, peasenger acce"s and

escape, gubdviiion, lifeeaviroi *cnuipmnt and electrical engineering.
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CONCLUSIONS

The trials conducted in the RHS 200 performance evaluation tivoe.ttilAt.d

the opdrational limits of the ship. The trials warn nuccessful antd Lt was deter-

mined that the ship performed well in all areas of its design envelope. The

followinq comments are relative to the performance of the ship but may not be

necessarily based on numerical data.

The ship was operated on twelve separate voyaqes during the trials. None

of the trials were disrupted or postponed due to any mechanical problem. Once

warm-up was completed, departures were quickly accomplished. The voyages varied

in length from 2 to A hours. At the end of a typical day, the crew wuld coro-

plete normal machinery maintenance and be ready to secure before the trials crew

could complete normal end-of-day activities. All individuals involved in the

trialq were impressed with the physical appearance of the ship; its lines,

appointments and arrangements. It was felt that normal housekeeping activity

could he easily accomplished.

As a result of the 50 pnrcent takeoff power marqin. ship takeoff accelera-

tions were impresqive. The speed-power and lUft-draq characteristics of the ship

are difficult to jadqe without reference to comparahle surface-pie. cinq hydrofoil .

desiqn information. While higher propulsive efficiencies would be desirable.

they are equivalent or superior to other hydrofoil ships. Except during emerq-

ency stopping the hbnefits of the CP propeller were not distinctly evident.

Adequate low and reverse speed control with fixed-pitch propellers and reversing

gearboxes was demonstrated during a R14S 160 dockinQ exercise. Rodriguez indi-

cated that the relatively low ship turn rates could te improved -4th increased

rudder area. The too of 'spade* rudders below the foils may offer a note direct

metho4 of improvement.

The rouqh wter ride qualities of the ship were wall damped with and with-

out the SAS. Occ.aonal state 5 head sea slama hAich doused the pi'rhthouse wind-

i hield with spray, resulted in aotions Judged hardly noticeable in the main deck

'aft cabin. Two members of the trials toe-n were aboard during rough Vator. both

individuals were comfortable durinq the State 5 Qea tests. The "S was t:,.re
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effective in improvinq ride quality than the data indicated. Neither individual

_ was concerned in reqard to the capability of the ship to operate safely in any of

the seas encountered.

The RHS 200/M-600 could he designed for use as a U.S. Coast Guard patrol

hoat. All of the fundamental properties desirable in such a craft are present in

the RHS 200.

Although a number of its qualities, such as its performance and reliabil-

ity and maintainability, make it attractive as a ferry, others do not. If it was

to be employed for U.S. domestic passenger Eervice, a number of improvements

would be required or desirable. Some of these are fundamental to the ship's

"design.
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APPENDIX A

SUMMARY OF RH5-200 PASSENGER QUESTIONAIRES - SUMMER 1982
VOLUME I

Passenger questionaires from forty six voyages of the RHS-200 are summar-
ized below. A total of 1797 questionaires organized in four volumes were submit-
ted to the U.S. Coast Guard for evaluation.

ITEM VOYAGE SEA NUMBER OF
NO. NO. DATE FROM TO COND.* QUESTIONAIRES

1. Noleggio 6/1/82 Vulcano Palermo 0 45
2. I/A 6/2/82 Palermo Ustica/Napoli 2 17
3. 2A/R 6/5/82 Palermo Ustica/Napoli & ret. 0 60
4. 3A/R 6/6/82 Palermo Ustica/Tapoli & ret. 9 74
5. 4A/R 6/7/82 Palermo Ustica/Napoli & ret. 0 7
6. 5A/R 6/8/82 Palermo Ustica/Napoli & ret. 0 16
7. 6A/R 6/10/82 Palermo Ustica/Napoli & ret. 0 43
8. 7A/R 6/11/82 Palermo Ustica/Napoli & ret. 0 43
9. BA/R 6/12/82 Palermo Ustica/Napoli & ret. 5 35

10. 11A/R 6/16/82 Palermo Ustica/Napoli & ret. 3/4 68
11. 12A/R 6/17/82 Palermo Ustica/Napoli & ret. 3 8
12. 13A/R 6/18/82 Palermo Ustica/Napoli & ret. 0 9
13. 14A/R 6/19/82 Palermo Ustica/Napoli & ret. 3 79

VOLUEI II

F ITEM VOYAGE SEA NUMBER OF
NO. NO. DATE FROM TO COND.* QUESTIONAIRES

-i - 0 113

14. 15A/R 6/20/82 Palermo Ustica/Napoli & ret. 0 113
15. 16A/R 6/21/82 Palermo Ustica/Napoli & ret. 2/3 31
16. 17A/R 6/23/82 Palermo Ustica/Napoli & ret. 2/3 5

*- 17. 18A/R 6/24/82 Palermo Ustica/Napoli & ret. 3 4312
18. 19A/R 6/25/82 Palerm Ustica/Napoli & ret. 3/4 12
19. 20A/R 6/26/82 Palermo Ustica/Napoli & ret. 3/4 11620. 21A/R 6/27/82 Palermo Ustica/Napoli & ret. 6 33

21. 22A/H 6/28/82 Palermo Ustica/Napoli & ret. 6 48
22. 23A/R 6/30/82 Palermo Ustica/Napoli & ret. 2/3 39
23. 24A/R 7/1/82 Palermo Ustica/Napoli & ret. 3/4 52 -

Beaufort &-ale
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VOLUME II (Continued)

ITEM VOYAGE SEA NUMBER OF
NO. NO. DATE FROM TO COND.* QUESTIONAIRES -
25 - 7 P i i - - 0 -4

25. 26A/R 7/3/82 Palermo Ustica/Napoli & ret. 0 34
26. 27A/R 7/4/82 Palermo Ustica/Napoli & ret. 0 41
27. 28A/R 7/5/82 Palermo Ustica/Napoli & ret. 0 7

24. 46A/R 7/2/82 Palermo Ustica/Napoli & ret. 2 41
28. 29A/R 7/7/82 Palermo Ustica/Napoli & ret. 2 28
29. 34A/R 7/12/82 Palermo Ustica/Napoli & ret. 0 14
30. 35A/R 7/14/82 Palermo Ustica/Napoli & ret. 0 17
31. 37A/R 7/16/82 Palermo Ustica/Napoli & ret. 0 8
- -- --

VOLUME III

ITEM VOYAGE SEA NUMBER OF
NO. NO. DATE FROM TO COND.* QUESTIONAIRES

32. 40A/R 7/19/82 Palermo Ustica/Napoli t ret. 3 38
33. 41A/R 7/21/82 Palermo Ustica/Napoli & ret. 0 5
34. 42A/R 7/22/82 Palermo Ustica/Napoli & ret. 0 23
35. 43A/R 7/23/82 Palermo Ustica/Napoli & ret. 3/4 115
36. 44A/R 7/24/82 Palermo Ustica/Napoli & ret. 5 19
37. 45A/R 7/25/82 Palermo Ustica/Napoli & ret. 4/5 10 S
38. 46A/R 7/26/82 Palermo Ustica/Napoli & ret. 5/6 29
39. 47A/R 7/30/82 Palermo Ustica/Napoli & ret. 0 96
40. 40A/R 7/31/82 Palermo Ustica/Napoli & ret. 2 42
41. 53A/R 8/6/82 Palermo Usetica/Napoli & ret. 2/3 60

VOLUME IV

ITEM VOYAGE SEA NUMBER OF
NO. NO. DATE FR(,4 TO COND.* QUESTIONAIRES 0

42. 63A/R 8/18/82 Palermo Ustica/-apoli &ret. 2/3 13
43. 70A/R 8/26/82 Palermo Ustica/Napoli & ret. 2/3 87
44. 71A/R 8/27/82 Palermo Ustica/Napoli & ret. 2/3 31

45. 83A/R 9/10/82 Palermo Ustica/Napoli 4 ret. 2 24
46. 93A/R 9/22/82 Palermo Ustica/Napoli 4 ret. 4/5 19

2
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